Wnited States Senate

COMBMITTEE ON ENVIRONMENT AND PUBLICWORKS
WASHINGTON, DU 20670-8175

July 21,2015

The Honorable Gina McCarthy
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, D.C. 20460

Dear Administrator McCarthy:

We write in regards to heightened Congressional concerns with the Obama
Administration’s lack of transparency and accountability in developing and updating the social
cost of carbon (SCC) estimates. As you are aware, the SCC is a complex figure developed by a
clandestine Interagency Working Group (IWG) and cited by the Administration as the presumed
cost of a ton of carbon dioxide. On July 2, 2015, the Administration released a technical update
to the SCC and a response to 150 substantive public comments submitted on the eqtzmates
Despite the IWG spending over a year and four months reviewing these comments,” the SCC
update reflected a mere $1.00 difference in the SCC estimates and provided superficial responses
to public comments. Such a delayed and lax response is wholly inadequate and only
compounded by the fact the Administration has obstinately withheld basic information about the
IWG from Congress and the public,

In light of the far-reaching application of the SCC to federal regulations, guidance
documents, permitting decisions, and even grants applications, Congressional oversight of the
SCC is ever more 1mportant As of July 13, 201 5 the SCC has been cited in 114 proposed or
final rules across six federal agencies and offices.” The Environmental Protection Agency (EPA)
is one of the primary users of the SCC in its regulatory analyses. It is the linchpin of all the
Agency’s purported climate benefits wen though the SCC is based on global benefits while the
costs are borne solely by Americans.* Critically, despite the veil of the IWG and the

'"Response to Comments: Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.

Interagency Working Group on Social Cost of Carbon, United States Government, July 2015, available at

hm;gq Hwww whitehouse. gov/sites/default/files/omb/inforeg/sce-response-to-comments-final-july-2015.pdf
* Comment period ended February 26, 2014. See Technical Support Document: Technical Update of the Social Cost

of Carbon for Regulatory Impact Analysis Under Exec. Order No. 12866, Notice of extension of public comment

period, 79 Fed: Reg. 4359 (Jan: 27, 2014), availuble at http://www.epo.gov/fdsys/pke/FR-2014-01:27/pd /20 14-

01605 pdf,

? See

http:/fwww.regulations.gov/#! searchResults:rpp=25:po=0:5=%2 522s0¢ial%2 52 Bcost%2 52 Bof%2 52 Bearbon%2522;

dkt=R:det=PR%252BFR (last visited July 14, 2015).
* Carbon Pollution Emission Guidelines for Exxstmg Stationary Sources: Electric Utility Generating Units, 79 Fed.
Reg. 34830 (June 18, 2014), available at http://www.gpo.gov/fdsys/pke/FR-2014-06-18/pdf/2014-13726.pdf.
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Administration’s resistance to SCC transparency, we have learned that the EPA, in fact, was
responsible for calculating the SCC estimates.” The Agency has further explained that “EPA
staff from the Office of Policy (OP) and Office of Aw and Radiation (OAR) provided technical
expertise to the broader SCC workgroup as needed. "5 We hzwc also identified several former or
current EPA officials who directly participated in the IWG.” Accordingly, as an integral
participant in the IWG, we are requesting corresponding documents directly from the EPA.

Congress’s oversight interest in the SCC is well established. Since the May 2013 SCC
update, nearly a dozen Congressional requests have been sent to the EPA, the Office of
Information and Regulatory Affairs (OIRA), or other agencies and offices seeking information
on the SCC. Most recently, on March 9, 2015, we sent OIRA a letter asking about the IWG’s

role and status in reviewing publm comments, participants of the IWG, and mformatwn
regarding the process used to review and potentially update the SCC estimates.® However,
OIRA’s response was insufficient, failed to provide specific information requested such as
details regarding IWG Earticipants or specifics about the review process, and outright ignored the
request for documents.” OIRA instead provided generic information, most of which was already
available on OIRA’s website and included in the SCC technical support document.
Congressional requests for information on the SCC during the 113th Congress yielded similarly
ambiguous answers from the Administration.

In order for Congress to fully understand the development of and updates to the SCC, we
request that EPA please provide, by no later than August 11, 2015, all documents and
communications referring or relating to the “social cost of carbon™ or the “SCC” from January
20, 2009,,‘9 to present.

S “EPA officials—sometimes with the assistance of the model developers—calculated the estimates.” GOV’T
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014), available at hitp://www.gao.gov/assets/670/665013.pdf.

* Nominations of Janet G. McCabe to be the Assistant Administrator for Air and Radiation of the U.S.
Environmental Protection Agency, Ann E, Dunkinto be the Assistant Administrator for Environmental Information
of the U.S. Environmental Protection Agency, avid Manuel H.Ehrlich, J¥., to be a Member of the Chemical Safety
and Hazard Investigation Board: Hearing Before the S. Comm.-on Env't & Pub, Works, 113th Cong (Apr. 8,2014)
(J anet McCabe Response to Questions Submitted for the Record by Senator Vitter) (on file with Committee).

" For example, “[a]ll the authors actively participated in the interagency SCC discussion.” Charles Griffiths,
Elizabeth Kc;pus Alex Marten, Chris Moore, Steve Newbold & Ann Wolverton, Estimating the “Social Cost of
Carbon” for Regulatory Impact Analysis, RESOURCES FOR THE FUTURE (Nov. 8, 2010),
htpy//www.rfforg/Publications/WPC/Pages/Estimating-the-Social-Cost-of- Carbon-for-Regulatory-Impact-
Analysis.aspx.
¥ Letter from Senator James Inhofe and Republican Senators to Howard Shelanski, Administrator, Office of
Information and Regulatory Affairs (Mar. 9, 2015), available at hitp://www.epw senate.gov/public/index.clin/press-
releases-republican?1D=FCIF49F-92DA- [4BE-B 1 74-0E64E249F248.
¥ Letter from Howard Shelanski to Senator James Inhofe, Chairman, 8. Comm. on Env’t & Public Works (Apr. 06,
2015) (on file'with Committee).

' According to the Government Accountability Office, the IWG was convened “[i]n early 2009." Gov'r
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014) at 6, available at hitp://www.gao.gov/assets/670/665015 pdf.
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Thank you for your prompt attention to this matter. If you have any questions with this
request, please contact the Senate Committee on Environment and Public Works at (202) 224-

6176,
Sincerely,
T
" James M. Inhofe David Vitter
Chairman .S, enatm‘

Roy Bluni,
U.S. Senator

V) QM&‘

waoqzman Deb Fischer
U.S. Senator 1J.8. Senator

Shelley Mo Capito . Bill Cassidy
UJ.S. Senator U.S. Senator

AamesTankford M. MichacliRounds
Uﬂ;ﬁ}:ﬁﬁtm U.8. Senator
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To: Kopits, Elizabeth[Kopits.Elizabeth@epa.govl
From: Pattison, Malka

Sent: Mon 6/29/2015 8:01:48 PM

Subject: Re: Speaking Invitation
DOlinvite0608150ption2 (1).docx

Elizabeth:
Please remember to aim for an audience of generalists, smart, but not carbon experts. We're

imtinx vz Aoy addeace 1o mrnils £i6o 1t thate vacAiirea tmoanagetnent anAd Aanicia al i

110})1115 yOu Cai aadaicsS nOwW your worK 1its into thcir resource managemeiit anda aclision max in 1g.
Ben Simon tells me you're great. Just come up with a topic and draft your paragraph
description. You may want to include a link to a more in-depth study. T'll also need a topic
related photo.

Another example is attached.

Thanks,
Malka

On Mon, Jun 29, 2015 at 12:21 PM, Kopits, Elizabeth <Kopits.Elizabeth@epa.gov> wrote:

Sounds great, thanks!
Sent from my iPhone

On Jun 29, 2015, at 12:18 PM, "Pattison, Malka" <malka pattison@ios.doi.gov> wrote:

March 14 itis! You've got time to prepare the announcement. I'd like to post it by
January.

Thanks,

Malka

On Mon, Jun 29, 2015 at 11:20 AM, Kopits, Elizabeth <Kopits. Elizabeth@epa.gov>
wrote:

Hi Malka,

Sorry to be slow in responding. Can you put me down for March 14, 20167 | will
try to send the description and a photo sometime soon.

Thanks,
Elizabeth

ED_442-000959882



From: Pattison, Malka [mailto:malka_pattison@ios.doi.gov]
Sent: Thursday, June 18, 2015 3:54 PM

To: Kopits, Elizabeth

Subject: Re: Speaking Invitation

Elizabeth:

Great! The choice of date is yours. It's the second Monday of each month..

I'd like to point out that the audience of resource managers includes few
economists. Their focus is on how to use this information for planning and

decision making. There will also be a sprinkling of economists and researchers.

I'm attaching the 2016 seminar schedule and a couple of sample announcement
for you to use as a template. You'll provide the topic,a brief description, and a
topic-related photo. I'll do the rest.

Perhaps you'd like to join us on July 13. (See attached.)

Email any questions.

Thanks, Malka

ED_442-000959882



On Thu, Jun 18, 2015 at 3:19 PM, Kopits, Elizabeth
<Kopits.Elizabeth@epa.gov> wrote:

Hi Malka,

Thanks for the invitation! | would be happy to give a talk on Social Cost of

et i a et g

Carbon at one of your 2016 seminars. Did you have a particular date in
mind already, or would you like me to pick from the dates in your list? My
preference would be after February but not July or August.

Regards,

Elizabeth

Elizabeth Kopits, Ph.D.

National Center for Environmental Economics
Office of Policy, US EPA

1200 Pennsylvania Ave, NW, MC 1809T
Washington, DC 20460

(202) 566-2299

From: Pattison, Malka [mailto:maika_pattison@ios.doi.gov]
Sent: Tuesday, June 16, 2015 10:32 AM

To: Kopits, Elizabeth

Subject: Speaking Invitation

ED_442-000959882



Good Morning:

The U.S. Department of the Interior’s Office of Policy Analysis hosts a
monthly seminar series highlighting natural resource management topics.
We’d like to invite you to speak on the social cost of carbon at one of our
2016 seminars. Please see the attached seminar schedule. Our seminars are
webcast live, and subsequently posted as videos to our website:
(http://www.doi.gov/ppa/seminar_series/video/index.cfm)

We encourage speakers to divide the hour equally between their presentation
and questions from the audience. The seminars, casual lunchtime events, are
held at the Interior Department, which is located at 1849 C Street, NW,
Washington, DC. Our live audience of about 75-100 and Internet audience
of 100-600 is comprised largely of Interior Department resource managers
and staff. Other federal, state, tribal and non-government agencies also
participate.

Free to contact me with any questions.

Regards,

Malka

Malka Pattison
Program Analyst
Office of Policy Analysis

U.S. Department of the Interior

ED_442-000959882



1849 C St., NW
Washington, DC 20240

(202) 208-6800 (Phone)

Malka Pattison

Program Analyst

Office of Policy Analysis

U.S. Department of the Interior
1849 C St., NW

Washington, DC 20240

(202) 208-6800 (Phone)

(202) 208- 4867 (Fax)

Malka Pattison

Program Analyst

Office of Policy Analysis

U.S. Department of the Interior
1849 C St., NW

Washington, DC 20240

ED_442-000959882



(202) 208-6800 (Phone)
(202) 208- 4867 (Fax)

Malka Pattison

Program Analyst

Office of Policy Analysis

U.S. Department of the Interior
1849 C St., NW

Washington, DC 20240

(202) 208-6800 (Phone)

(202) 208- 4867 (Fax)

ED_442-000959882



To: Kopits, Elizabeth[Kopits.Elizabeth@epa.govl
From: Pattison, Malka

Sent: Mon 6/29/2015 4:18:32 PM

Subject: Re: Speaking Invitation

March 14 it1s! You've got time to prepare the announcement. I'd like to post it by January.
Thanks,
Malka

On Mon, Jun 29, 2015 at 11:20 AM, Kopits, Elizabeth <Kopits.Elizabeth@epa.gov> wrote:

Hi Malka,

Sorry to be slow in responding. Can you put me down for March 14, 2016? [ will try to
send the description and a photo sometime soon.

Thanks,
Elizabeth

From: Pattison, Malka [mailto:malka_pattison@ios.doi.gov]
Sent: Thursday, June 18, 2015 3:54 PM

To: Kopits, Elizabeth

Subject: Re: Speaking Invitation

Elizabeth:

Great! The choice of date is yours. It's the second Monday of each month..

I'd like to point out that the audience of resource managers includes few economists. Their
focus is on how to use this information for planning and decision making. There will also
be a sprinkling of economists and researchers.

ED_442-000959888



I'm attaching the 2016 seminar schedule and a couple of sample announcement for you to
use as a template. You'll provide the topic,a brief description, and a topic-related photo. I'll
do the rest.

Perhaps you'd like to join us on July 13. (See attached.)

Email any questions.

Thanks, Malka

On Thu, Jun 18, 2015 at 3:19 PM, Kopits, Elizabeth <Kopits.Elizabeth@epa.gov> wrote:

Hi Malka,

Thanks for the invitation! | would be happy to give a talk on Social Cost of Carbon at
one of your 2016 seminars. Did you have a particular date in mind already, or would
you like me to pick from the dates in your list? My preference would be after February
but not July or August.

Regards,

Elizabeth

Elizabeth Kopits, Ph.D.
National Center for Environmental Economics

Office of Policy, US EPA

ED_442-000959888



1200 Pennsylvania Ave, NW, MC 1809T
Washington, DC 20460

(202) 566-2299

From: Pattison, Malka [mailto:malka_pattison@ios.doi.gov]
Sent: Tuesday, June 16, 2015 10:32 AM

To: Kopits, Elizabeth

Subject: Speaking Invitation

Good Morning:

The U.S. Department of the Interior’s Office of Policy Analysis hosts a monthly
seminar series highlighting natural resource management topics. We’d like to invite
you to speak on the social cost of carbon at one of our 2016 seminars. Please see the
attached seminar schedule. Our seminars are webcast live, and subsequently posted as
videos to our website: (http://www.doi.gov/ppa/seminar_series/video/index.cfm)

We encourage speakers to divide the hour equally between their presentation and
questions from the audience. The seminars, casual lunchtime events, are held at the
Interior Department, which is located at 1849 C Street, NW, Washington, DC. Our
live audience of about 75-100 and Internet audience of 100-600 is comprised largely of
Interior Department resource managers and staff. Other federal, state, tribal and non-
government agencies also participate.

Free to contact me with any questions.

Regards,

ED_442-000959888



Malka

Malka Pattison

Program Analyst

Office of Policy Analysis

U.S. Department of the Interior
1849 C St,, NW

Washington, DC 20240

(202) 208-6800 (Phone)

(202) 208- 4867 (Fax)

Malka Pattison

Program Analyst

Office of Policy Analysis

U.S. Department of the Interior

1849 C St., NW

ED_442-000959888



Washington, DC 20240
(202) 208-6800 (Phone)

(202) 208- 4867 (Fax)

Malka Pattison

Program Analyst

Office of Policy Analysis

U.S. Department of the Interior
1849 C St., NW

Washington, DC 20240

(202) 208-6800 (Phone)

(202) 208- 4867 (Fax)

ED_442-000959888



To:

Cc:
From:
Sent:
Subject:

Agreed.

Kopits, Elizabeth[Kopits.Elizabeth@epa.govl
Bowen, JenniferjBowen.Jennifer@epa.gov]
McGartland, Al

Tue 6/16/2015 3:14:47 PM

Re: Speaking Invitation

Ex 5

EX

Sent from my iPhone

On Jun 16, 2015, at 10:44 AM, Kopits, Elizabeth <Kopits.Elizabeth@epa.gov> wrote:

Hi Al

I just got invited to talk about SCC at DOI's monthly seminar series in 2016. lamfine
doing it, or perhaps giving it jointly with others on the SCC team if there is interest; '

Ex 5

Ex5

What do you think?

Thanks,

Elizabeth

From: Pattison, Malka [mailto:malka pattison@ios.doi.gov]

Sent: Tuesday, June 16, 2015 10:32 AM
To: Kopits, Elizabeth
Subject: Speaking Invitation

ED_442-000959902



Good Morning:

The U.S. Department of the Interior’s Office of Policy Analysis hosts a monthly seminar
series highlighting natural resource management topics. We’d like to invite you to speak on
the social cost of carbon at one of our 2016 seminars. Please see the attached seminar
schedule. Our seminars are webcast live, and subsequently posted as videos to our website:
(http://www.doi.gov/ppa/seminar_series/video/index.cfm)

We encourage speakers to divide the hour equally between their presentation and questions
from the audience. The seminars, casual lunchtime events, are held at the Interior
Department, which is located at 1849 C Street, NW, Washington, DC. Our live audience of
about 75-100 and Internet audience of 100-600 is comprised largely of Interior Department
resource managers and staff. Other federal, state, tribal and non-government agencies also
participate.

Free to contact me with any questions.

Regards,

Malka

Malka Pattison
Program Analyst
Office of Policy Analysis

U.S. Department of the Interior

ED_442-000959902



1849 C St., NW
Washington, DC 20240
(202) 208-6800 (Phone)
(202) 208- 4867 (Fax)

<The second Monday.docx>
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Wnited States Senate

COMBMITTEE ON ENVIRONMENT AND PUBLICWORKS
WASHINGTON, DU 20670-8175

July 21,2015

The Honorable Gina McCarthy
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, D.C. 20460

Dear Administrator McCarthy:

We write in regards to heightened Congressional concerns with the Obama
Administration’s lack of transparency and accountability in developing and updating the social
cost of carbon (SCC) estimates. As you are aware, the SCC is a complex figure developed by a
clandestine Interagency Working Group (IWG) and cited by the Administration as the presumed
cost of a ton of carbon dioxide. On July 2, 2015, the Administration released a technical update
to the SCC and a response to 150 substantive public comments submitted on the eqtzmates
Despite the IWG spending over a year and four months reviewing these comments,” the SCC
update reflected a mere $1.00 difference in the SCC estimates and provided superficial responses
to public comments. Such a delayed and lax response is wholly inadequate and only
compounded by the fact the Administration has obstinately withheld basic information about the
IWG from Congress and the public,

In light of the far-reaching application of the SCC to federal regulations, guidance
documents, permitting decisions, and even grants applications, Congressional oversight of the
SCC is ever more 1mportant As of July 13, 201 5 the SCC has been cited in 114 proposed or
final rules across six federal agencies and offices.” The Environmental Protection Agency (EPA)
is one of the primary users of the SCC in its regulatory analyses. It is the linchpin of all the
Agency’s purported climate benefits wen though the SCC is based on global benefits while the
costs are borne solely by Americans.* Critically, despite the veil of the IWG and the

'"Response to Comments: Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.

Interagency Working Group on Social Cost of Carbon, United States Government, July 2015, available at

hm;gq Hwww whitehouse. gov/sites/default/files/omb/inforeg/sce-response-to-comments-final-july-2015.pdf
* Comment period ended February 26, 2014. See Technical Support Document: Technical Update of the Social Cost

of Carbon for Regulatory Impact Analysis Under Exec. Order No. 12866, Notice of extension of public comment

period, 79 Fed: Reg. 4359 (Jan: 27, 2014), availuble at http://www.epo.gov/fdsys/pke/FR-2014-01:27/pd /20 14-

01605 pdf,

? See

http:/fwww.regulations.gov/#! searchResults:rpp=25:po=0:5=%2 522s0¢ial%2 52 Bcost%2 52 Bof%2 52 Bearbon%2522;

dkt=R:det=PR%252BFR (last visited July 14, 2015).
* Carbon Pollution Emission Guidelines for Exxstmg Stationary Sources: Electric Utility Generating Units, 79 Fed.
Reg. 34830 (June 18, 2014), available at http://www.gpo.gov/fdsys/pke/FR-2014-06-18/pdf/2014-13726.pdf.

PR DN BECY LD BAMER
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Administrator McCarthy
July 21, 2015
Page 2 of 3

Administration’s resistance to SCC transparency, we have learned that the EPA, in fact, was
responsible for calculating the SCC estimates.” The Agency has further explained that “EPA
staff from the Office of Policy (OP) and Office of Aw and Radiation (OAR) provided technical
expertise to the broader SCC workgroup as needed. "5 We hzwc also identified several former or
current EPA officials who directly participated in the IWG.” Accordingly, as an integral
participant in the IWG, we are requesting corresponding documents directly from the EPA.

Congress’s oversight interest in the SCC is well established. Since the May 2013 SCC
update, nearly a dozen Congressional requests have been sent to the EPA, the Office of
Information and Regulatory Affairs (OIRA), or other agencies and offices seeking information
on the SCC. Most recently, on March 9, 2015, we sent OIRA a letter asking about the IWG’s

role and status in reviewing publm comments, participants of the IWG, and mformatwn
regarding the process used to review and potentially update the SCC estimates.® However,
OIRA’s response was insufficient, failed to provide specific information requested such as
details regarding IWG Earticipants or specifics about the review process, and outright ignored the
request for documents.” OIRA instead provided generic information, most of which was already
available on OIRA’s website and included in the SCC technical support document.
Congressional requests for information on the SCC during the 113th Congress yielded similarly
ambiguous answers from the Administration.

In order for Congress to fully understand the development of and updates to the SCC, we
request that EPA please provide, by no later than August 11, 2015, all documents and
communications referring or relating to the “social cost of carbon™ or the “SCC” from January
20, 2009,,‘9 to present.

S “EPA officials—sometimes with the assistance of the model developers—calculated the estimates.” GOV’T
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014), available at hitp://www.gao.gov/assets/670/665013.pdf.

* Nominations of Janet G. McCabe to be the Assistant Administrator for Air and Radiation of the U.S.
Environmental Protection Agency, Ann E, Dunkinto be the Assistant Administrator for Environmental Information
of the U.S. Environmental Protection Agency, avid Manuel H.Ehrlich, J¥., to be a Member of the Chemical Safety
and Hazard Investigation Board: Hearing Before the S. Comm.-on Env't & Pub, Works, 113th Cong (Apr. 8,2014)
(J anet McCabe Response to Questions Submitted for the Record by Senator Vitter) (on file with Committee).

" For example, “[a]ll the authors actively participated in the interagency SCC discussion.” Charles Griffiths,
Elizabeth Kc;pus Alex Marten, Chris Moore, Steve Newbold & Ann Wolverton, Estimating the “Social Cost of
Carbon” for Regulatory Impact Analysis, RESOURCES FOR THE FUTURE (Nov. 8, 2010),
htpy//www.rfforg/Publications/WPC/Pages/Estimating-the-Social-Cost-of- Carbon-for-Regulatory-Impact-
Analysis.aspx.
¥ Letter from Senator James Inhofe and Republican Senators to Howard Shelanski, Administrator, Office of
Information and Regulatory Affairs (Mar. 9, 2015), available at hitp://www.epw senate.gov/public/index.clin/press-
releases-republican?1D=FCIF49F-92DA- [4BE-B 1 74-0E64E249F248.
¥ Letter from Howard Shelanski to Senator James Inhofe, Chairman, 8. Comm. on Env’t & Public Works (Apr. 06,
2015) (on file'with Committee).

' According to the Government Accountability Office, the IWG was convened “[i]n early 2009." Gov'r
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014) at 6, available at hitp://www.gao.gov/assets/670/665015 pdf.

ED_442-000989969



E
Administrator McCarthy

July 21, 2015
Page 3 of 3

Thank you for your prompt attention to this matter. If you have any questions with this
request, please contact the Senate Committee on Environment and Public Works at (202) 224-

6176,
Sincerely,
T
" James M. Inhofe David Vitter
Chairman .S, enatm‘

Roy Bluni,
U.S. Senator

V) QM&‘

waoqzman Deb Fischer
U.S. Senator 1J.8. Senator

Shelley Mo Capito . Bill Cassidy
UJ.S. Senator U.S. Senator

AamesTankford M. MichacliRounds
Uﬂ;ﬁ}:ﬁﬁtm U.8. Senator

ED_442-000989969



To: Kopits, Elizabeth[Kopits.Elizabeth@epa.govj
From: Silverman, Steven

Sent: Tue 6/30/2015 1:28:28 PM

Subject: RE: SCC Response to Comments

Thanks. The response on not being rulemaking is reasonable.

:" :
LA J

-----Original Message-----

From: Kopits, Elizabeth

Sent: Tuesday, June 30, 2015 9:20 AM

To: Silverman, Steven; Shouse, Kate; Roberts, Martha
Cc: Marten, Alex; McGartland, Al

Subject: Re: SCC Response to Comments

Hi Steve,

Ex5

Thanks,
Elizabeth

From: Silverman, Steven

Sent: Tuesday, June 30, 2015 9:16 AM

To: Kopits, Elizabeth; Shouse, Kate; Roberts, Martha
Cc: Marten, Alex; McGartland, Al

Subject: RE: SCC Response to Comments

Was this comment responded to? May | see the response if so?

From: Kopits, Elizabeth

Sent: Tuesday, June 30, 2015 9:11 AM

To: Shouse, Kate; Silverman, Steven; Roberts, Martha
Cc: Marten, Alex; McGartland, Al

Subject: Fw: SCC Response to Comments

Hi All -

ED_442-000998847



Here's what | just sent back to Jim. Thank you again for taking the time to help on this yesterday! We
really appreciate it. | will loop you in on any follow up questions/reactions from DOE/DOJ today.

Thanks,
Elizabeth

From: Kopits, Elizabeth

Sent: Tuesday, June 30, 2015 9:06 AM
To: Laity, Jim

Cc: Marten, Alex; McGartland, Al

Subject: Re: SCC Response to Comments

Hi Jim,

Attached is our suggested response -- see p. 8. | also changed June to July in the document (3
instances). | hope this helps. Please let us know if you would like to discuss or if we can be of any
further help.

Thanks!
Elizabeth

ED_442-000998847



To: Pattison, Malka[malka_pattison@ios.doi.gov]
From: Kopits, Elizabeth

Sent: Mon 6/29/2015 4:21:49 PM

Subject: Re: Speaking Invitation

Sounds great, thanks!
Sent from my iPhone

On Jun 29, 2015, at 12:18 PM, "Pattison, Malka" <malka pattison@ios.doi.gov> wrote:

March 14 itis! You've got time to prepare the announcement. I'd like to post it by January.

Thanks,
Malka

On Mon, Jun 29, 2015 at 11:20 AM, Kopits, Elizabeth <Kopits.Elizabeth@epa.gov> wrote:

Hi Malka,

Sorry to be slow in responding. Can you put me down for March 14, 20167 | will try to
send the description and a photo sometime soon.

Thanks,
Elizabeth

From: Pattison, Malka [mailto:malka_pattison@ios.doi.gov]
Sent: Thursday, June 18, 2015 3:54 PM

To: Kopits, Elizabeth

Subject: Re: Speaking Invitation

Elizabeth:

Great! The choice of date is yours. It's the second Monday of each month..

ED_442-001028092



I'd like to point out that the audience of resource managers includes few economists.
Their focus is on how to use this information for planning and decision making. There
will also be a sprinkling of economists and researchers.

o Ehe

I'm attaching the 2016 seminar schedule and a couple of sampie announcement for you
to use as a template. You'll provide the topic,a brief description, and a topic-related
photo. I'll do the rest.

Perhaps you'd like to join us on July 13. (See attached.)

Email any questions.

Thanks, Malka

On Thu, Jun 18, 2015 at 3:19 PM, Kopits, Elizabeth <Kopits.Elizabeth@epa.gov>
wrote:

Hi Malka,

Thanks for the invitation! | would be happy to give a talk on Social Cost of
Carbon at one of your 2016 seminars. Did you have a particular date in mind
already, or would you like me to pick from the dates in your list? My preference
would be after February but not July or August.

Regards,

Elizabeth

ED_442-001028092



Elizabeth Kopits, Ph.D.

National Center for Environmental Economics
Office of Policy, US EPA

1200 Pennsylvania Ave, NW, MC 1809T
Washington, DC 20460

(202) 566-2299

From: Pattison, Malka [mailto:malka pattison@ios.doi.gov]
Sent: Tuesday, June 16, 2015 10:32 AM

To: Kopits, Elizabeth

Subject: Speaking Invitation

Good Morning:

The U.S. Department of the Interior’s Office of Policy Analysis hosts a monthly
seminar series highlighting natural resource management topics. We’d like to
invite you to speak on the social cost of carbon at one of our 2016 seminars.
Please see the attached seminar schedule. Our seminars are webcast live, and
subsequently posted as videos to our website:
(http://www.doi.gov/ppa/seminar_series/video/index.cfm)

We encourage speakers to divide the hour equally between their presentation and
questions from the audience. The seminars, casual lunchtime events, are held at
the Interior Department, which is located at 1849 C Street, NW, Washington,
DC. Our live audience of about 75-100 and Internet audience of 100-600 is
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comprised largely of Interior Department resource managers and staff. Other
federal, state, tribal and non-government agencies also participate.

Free to contact me with any questions.

Regards,

Malka

Malka Pattison

Program Analyst

Office of Policy Analysis

U.S. Department of the Interior
1849 C St., NW

Washington, DC 20240

(202) 208-6800 (Phone)

(202) 208- 4867 (Fax)
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We examine the impact of European Union Emissions Trading Scheme (EU ETS) on firms’ unit material costs, employment and revenue during

2005-2009.

EU ETS had no impact on the performance of cement and iron and steel industries.
EU ETS was associated with increased material costs and revenue of the power industry.
We find no evidence of negative impact on firm competitiveness from EU ETS during 2005-2009.
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The European Union Emissions Trading Scheme is the first international cap-and-trade program for CO,
and the largest carbon pricing regime in the world. A principle concern over the Emissions Trading
Scheme is the potential impact on the competitiveness of industry. Using a panel of 5873 firms in
10 European countries during 2001-2009, this paper seeks to assess the impact of the carbon regulation
on three variables through which the effects on firm competitiveness may manifest—unit material costs,
employment and revenue. Our analysis focuses on three most polluting industries covered under the
program-power, cement, and iron and steel. Empirical results indicate that the emissions trading
program had different impacts across these three sectors. While no impacts are found on any of the three
variables in cement and iron and steel industries, our analysis suggests a positive effect on both material
costs and revenue in the power sector: the effect on material costs likely reflects the costs to comply with
emissions constraints or other parallel renewable incentive programs while that on revenue may partly
due to cost pass-through to consumers in a market less exposed to competition outside EU. Overall our
findings do not substantiate concerns over carbon leakage, job loss and industry competitiveness at least
during the study period.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The European Union Emissions Trading Scheme (EU ETS) is the
world's first large implementation of a CO, cap-and-trade system.
Launched in 2005, it forms the centerpiece of EU's climate policy to

reduce greenhouse gas emissions by 20 percent below 1990 levels
before 2020. Under the system, each EU member state sets an annual
cap limiting total CO, emissions from electric utilities and energy-
intensive industrial plants. The government then divides the cap into
individual allowances to emit one ton of CO, and allocates them to
participating firms. At the end of every compliance year, each firm
must deduct enough allowances from its account to cover its
emissions for that year. Firms can trade allowances among each

*We thank Tarik Chfadi, Lauren Masatsugu, Derek Lougee and Gianni Parente for
excellent research assistance. Financial Support from the World Bank Knowledge
for Change Program is gratefully acknowledged. The findings, interpretations, and
conclusions expressed in this paper are entirely those of the authors. They do not
necessarily represent the views of the International Bank for Reconstruction and
Development/World Bank and its affiliated organizations, or those of the Executive
Directors of the World Bank or the governments they represent.

" Corresponding author. Tel.: b 1202 473 1000.

E-mail addresses: chan@econ.umdedu (HSChan), SL2448¢cormelledu (8 L1,
fzhangi@worldbank.org (F. Zhang).

0301-4215/$ - see front matter & 2013 Elsevier Ltd. All rights reserved.
hitp://dx.doforg/10.1016/].enpol 2013.00.082

other, purchasing extra allowances if they emitted more, selling or
saving allowances if they emitted less. The EU's trading scheme
effectively puts a price on carbon emissions via the trading price for

" Banking of excess allowances for future years is allowed within the first
compliance period (phase | of EUETS during 2005-2007), and is mandatory after 2012.
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allowances. Today more than 12,000 power generators and heavy
manufacturing units in 30 countries are covered by the system.

Emissions trading programs such as the EU ETS have gained
popularity over the past two decades as a market-based policy
instrument to minimize the costs of environmental regulation.
Experience in the United States has shown that well-designed
emissions trading programs can reduce policy costs by between 15
and 90 percent compared to traditional command-and-control
program (Schmalensee and Stavins, 2012; Carlson et al, 2000;
Ellerman et al, 2000, Keohane, 2006). Although the cost-
effectiveness of carbon trading is widely acknowledged, a major
unresolved issue in the debate over EU ETS is whether it would
impose an unsustainable burden on the industry.

The conventional wisdom is that environmental regulations
even based on the market-based approaches could divert produc-
tive investment (Rose, 1983) or reduce operating flexibility (Joshi
et al, 1997), therefore adversely affect firm productivity (Jaffe
et al., 1995). More importantly, because EU was the first to impose
carbon regulation, there is concern that such unilateral action
would hinder the competitiveness of EU firms in the global
market. Proponents of this view hold that stringent environmental
regulations could actually enhance productivity growth by stimu-
lating innovation and efficiency (i.e., the Porter hypothesis, Porter,
1991). Another concern is that emission-intensive firms in EU
could relocate to regions with no or lesser carbon restrictions. The
economic relocation would be accompanied by loss of jobs and
market shares, as well as carbon leakage whereby emissions
reduction in EU could be more than offset by increases elsewhere.

Two strands of literature have addressed the above questions on
competitiveness and carbon leakage. The first are ex ante studies to
simulate the potential carbon leakage in a range of energy-intensive
manufacturing sectors. Based on assumptions on CO, prices, demand
elasticities and trade exposure, these studies project leakage rates
ranging from very low to significant at 30 percent or more (Ponssard
and Walker, 2008; Demailly and Quirion, 2008; Reinaud, 2008 etc.).
For example, Demailly and Quirion (2008) examines the impact on
cement industry under a euro 20 per ton CO, price. They found that
the leakage rates range from 0.5 to 25 percent among EU-27
countries with a mean value of 6 percent.

The literature on ex post empirical analysis is relatively thin.
Abrell et al. (2011) assess the impact of EU ETS on firm competi-
tiveness based on data of 2000 European firms during 2005-2008.
They find no statistically significant impact of EU ETS on firm value
added, profit margin or employment. Angerand Oberndorfer (2008)
examine the impact of EU ETS on firm revenue and employment
based on a sample of German firms over the period of 2005-2006.
Their analysis suggests that the initial allocation of allowances did
not affect revenue and the employment, therefore the impact of
carbon regulation on firm competitiveness is likely to be modest.
Jaraite and Maria (2011) investigate the effect of Phase 1 (2005-
2007) EU ETS on productivity growth of the power generatingsector
using macro-level data of 24 European countriesduring 1996-2007.
They find that carbon pricing had a positive impact on technological
change. Overall, the existing empirical literature seems to find little
evidence to support the hypothesis that EU ETS would have a large
adverse impact on competitiveness.

In this paper, we measure the effect of EU ETS on firm unit
material cost, employment and turnover based on a panel of 5873
firms in the electric power, cement and steel industry from 10
European countries® during 2005-2009. The power sector is the
most heavily affected by the carbon regulation. During the sample

2 Austria, Belgium, Czech Republic, France, Germany, Great Britain, [taly,
Netherlands, Poland and Spain.

period, the sector was short by around 440 million allowances’
and was a net buyer of allowances within EU. The cement and iron
industries are vulnerable to carbon leakage as both are tradable
industries and cannot pass through increased energy costs into
product prices without incurring a loss of market share. All
together, the three (power, cement, iron and steel) sectors account
for 86.76 percent of carbon emissions in the EU and constitutes
86.98 percent of total demand and 85.33 percent of total supply of
carbon allowances.

We match firm financial data from the AMADEUS database
maintained by Bureau van Dijk with emission traction records
reported in the Community Independent Transaction Log (CITL)
run by the European Commission. We then use participant and
nonparticipant firms of similar sizes within the same industry
category to construct the control and treatment groups. Using a
fixed effects specification, we estimate the impact of carbon
trading, as well as the initial allocation of allowances on firm
competitiveness. Our analysis differs from previous research in
two ways. First, unlike the study of Abrell et al. (2011) that uses
firms from different (non-ETS) industries as the counterfactual, we
compare performance of regulated and unregulated firms within
the same industry. In doing so, we avoid potential bias by omitted
variables characterizing time-variant differences among indus-
tries. Second, our study covers more industries, more countries
and a longer period of the trading program than other studies.
Therefore, our paper provides additional evidence on the impacts
of the carbon regulation.

The results from this study suggest that EU ETS had different
impacts across sectors. Our results show that the program may have
resulted in higher material costs of the power industry on average
by about 5 percent during 2005-2007 (Phase 1) and 8 percent
during 2008-2009 (Phase 2). Since power sector as a whole faced a
binding constraint of CO, emissions during the study period, rising
material costs could reflect the compliance costs associated with
purchasing allowances and/or substituting low-cost coal with more
expensive fuel such as natural gas to mitigate emissions. It could
also reflect the costs to comply with parallel renewable incentive
programs. In addition, the turnover of the power companies on
average increased by 30 percent in Phase 2. This could imply that
fossil-fuel power generation companies have passed through com-
pliance costs to ratepayers, resuiting in higher electricity pricesand
higher revenue. On the other hand, the trading scheme seems to
have had no statistically significant impacts on any of the three
variables in the cement and iron and steel sectors. The differences
between ETS and non-ETS firms in these two industries in material
costs, employment and turnover are statistically insignificant. This
finding suggests that there is likely to be no shift of production
elsewhere. The free allocation of emission allowances gave firms a
source of revenue and this could partially explain the limited
impact of EU ETS so far.

The remainder of the paper is organized in the following.
Section 2 provides a background of EU ETS. Section 3 describes
data. Section 4 discusses the empirical strategy. Section & presents
the results and Section 6 concludes.

2. The EU emissions trading scheme

The EU ETS was approved by European Commission in 2003
and officially launched in 2005. It was set up with three phases.
Phase 1, from 2005 through 2007, was intended as much fo
gain business buy-in and develop institutions as to achieve

3 These numbers are determined using the sample of 10 countries used in this
study due to the need to identify power plants from the combustion sector.
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CO, reductions. As a result, many regulated firms in the manu-
facturing sectors received more allowances than they subse-
quently needed to cover their emissions. Phase 2, which ran
from 2008 to 2012, tightened the cap (6.5 percent below the
2005 emission levels). Though again the emerging evidence is that
delivering the emission reductions required becomes easier and
cheaper than expected, largely because of recession. Phase 3 which
will run from 2013 to 2020 will implement steeper emission
cutbacks (the cap will decrease each year by 1.74 percent), and
move from free allocation of allowances to auction.

During the first two phases, the trading scheme covers energy-
related CO, emissions® from power and heat generation and nine
energy-intensive industries, including cement, iron and steel, oil
refineries, coke ovens, and industries producing glass, lime, bricks,
ceramics, pulp, paper and board.” However, not all firms in the
regulated industries are obligated to participate in trading. A size
threshold based on production capacity or output was used to
determine the coverage within each sector. For example, partici-
pation of power utilities is limited to installations greater than
20 MW in capacity. For cement industry, the threshold is 500
metric tons of production per day. This participation eligibility
provides an opportunity to create treatment and control groups
within the same industry.

For each participating installation, an account is set up in its
national emissions trading registry to record the issuance, transfer,
cancellation, retirement and banking of allowances. All national
registries are also connected to a central registry at the EU level—
the Community Independent Transaction Log (CITL). The centra-
lized registry tracks the ownership of allowances across the entire
carbon market. Using information presented in CITL, we are able to
identify participants and non-participants in the three trading
sectors under study. We then choose firms that are similar in size
(measured by turnover before the program) to form our treatment
and control groups. More details on data construction are explained
in the next section.

Another key element of EU ETS is the initial allocation of
emission allowances. During the first two trading periods, the
program gives national government substantial discretion in deter-
mining the allocation and distribution of allowances across sectors,
subject to general guidelines by the European commission® During
2005-2012, over 90 percent of the allowances were given out for
free to trading sectors based on burden sharing obligations under
the Kyoto Protocol, and individual installations historical emission
and projected abatement costs. Early evidence suggests that at the
aggregate level power generation was the only sector receiving
fewer allowances than verified emissions (Ellerman and Buchner,
2008). The power sector faced more stringent regulation because it
is thought to have more low-cost abatement options and is less
exposed to international competition.

Despite evidence of the over-aliocation at the sector level, firms
still have incentives to cut emissions since they can sell excess
permits at the ongoing market price. Indeed, several studies
suggest that CO, emissions dropped by around 3 percent relative
to a baseline without ETS during the pilot phase (Ellerman and
Buchner 2008; Ellerman et al., 2010; Anderson and Di Maria,
2011), and the first two years of Phase Il (Abrell et al., 2011). There
are several ways through which power utilities and industries can

4 With the exception of the Netherlands, which has opted in emissions of
nitrous oxide.

5 Aviation is included in the trading scheme as from 2012. When the third
trading period start, the scope of the ETS will be further extended to cover more
sectors and additional greenhouse gases.

¢ For the third trading period beginning in 2013, there will no longer be any
national allocation plans. Instead, the allocation will be determined directly at the
EU level.

mitigate emissions. These include switching to low-carbon fuels,
optimizing production processes, and investing on more efficient
equipments and low-carbon technologies.

3. Data

The main data source of firm economic performance is the
AMADEUS dataset from 2001 to 2009. AMADEUS is a commercial
database containing financial information of more than 11 million
firms in 41 European countries. Each firm in the database includes
wide range of the standardized financial statement information’
such as asset holdings, turnover, cost of employee, working capital
and net income. The comprehensiveness of the dataset allows us
to control for a number of firm characteristics and examine the
effect of program participation in a number of dimensions. In this
paper, we focus on three industries (power, cement, and iron and
steel) that are allocated most permits (Trotignon and Delbosc,
2008) and investigate three different variables through which firm
competitiveness can manifest—unit material cost (which is
defined as the ratio of total material costs to turnover), number
of employees, and turnover (revenue).

As discussed in Section 2, EU ETS covers installations in nine
trading sectors (with specific size thresholds). To locate the
participating firms, we first identify firms in the above three
sectors in AMADEUS using NACE (revision 2, 4 digit class level)
industry code.® We then manually match the AMADEUS firms with
those in CITL. CITL contains observations at the installation level
and we use the account holder in the CITL to locate their parent
firm to aggregate multiple installations into one single firm. One
difficulty in matching these two databases is that although
AMADEUS has a precise sectorial classification (a NACE code), CITL
defines sectors based on “activities”. For example, the combustion
sector defined in CITL includes a number of industries that incur
combustion processes, such as power generation, food processing,
pharmaceutical etc. In cases when sector classifications do not
match, we use zip code, name of parent company, address and
contact information to identify EU ETS firms.

We define program participation based on allowances submis-
sion—an installation is a participant if it surrenders a positive
number of allowances in that year. Since a firm can have mulitiple
instaliations and therefore several accounts in CITL, we sum across
all the accounts matched with an AMADEUS firm to obtain firm-
level allowance allocation and submission. We focus on 10 large
countries, Austria, Belgium, Czech Republic, France, Germany,
Great Britain, [taly, Netherlands, Poland and Spain.9 Table 1 lists
the top 15 countries in recorded emissions in CITL. The 10
countries covered in the analysis are among the biggest poliuters.
Table 2 shows the proportion of CITL installations that are

" One potential problem of using financial statement information is the
different closing dates of the accounting period. We define the observation as in
year t if the accounting period ends on any date from April 1 in year t to March 31
inyear th 1.

8 We define power generation industry as firms in NACE 35.11 — “Production of
Electricity ”; the cement industry as the combination of NACE 23.51 — “Manufacture
of Cement” and NACE 23.52 - “Manufacture of Lime and Plaster”. There are
multiple sub-sectors under iron and steel industry with drastically different
products and processes, for the purpose of this analysis we define iron and steel
firms as those with NACE 24.10 — “Manufacture of Basic fron and Steel and of Ferro-
Alloys”.

° Our match of CITL and AMADEUS data is performed country by country. For
the companies that are multi-national, our analysis treats the subsidiary/plants in
each country as a separate entity. That is, our analysis ignores potential interactions
(e.g., permit re-allocation) across these subsidiaries among these multi-national
companies especially when the relevant markets (e.g., electricity market) are
integrated across the host countries. Nevertheless, it is not clear how strong these
interactions might be and how these interactions would affect our results.
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Table 1
Top 15 polluting countries.

Table 3
Summary statistics by sector.

Rank Country Verified emissions (million tonnes)
1 Germany" 466
2 Great Britain" 247
3 Italy® 213
4 Poland” 203
5 Spain” 162
[ France"” 122
7 Netherlands” 81
8 Czech Republic” 806
9 Greece' 67.9
10 Belgium® 52.5
11 Finland 387
12 Romania 383
13 Austria” 313
14 Portugal 305
15 Denmark 27.9

Note: The ‘verified emissions’ is a simple time average of the total verified
emissions of all installations on the CITL record. Starred countries indicate the
ones in our sample. The names and addresses of Greek firms in the AMADEUS
database did not transcript properly so we did not try to match these installations
and their respective firms.

Table 2
CITL—AMADEUS matching.

Country Matching proportion

Power® Cement Iron®
Germany 0.289 0.837 0.957
Great Britain 0.191 0.538 1.000
ltaly 0.026 0.836 0.913
Poland 0.055 0.708 1.000
Spain 0.345 0.879 0.929
France 0.196 0.980 0.808
Netherlands 0.154 : #
Czech Republic 0.099 0.818 1.000
Belgium 0.202 0.545 0.963
Austria 0.260 0.750 '

Note: # We are not able to match any of the six cement CITL installations in
Netherlands, where five of the installations belong to the same firm. Therefore, we
do not include any cement firms in Netherlands in our analysis. Similarly for iron
industry, we are not able to match the one CITL installation for Austria and we drop
all Austrian firms in iron and steel industry.

#: Due to a broader classification of the CITL sectors, we conduct our matching by
including all industries under “Manufacture of Basic Metals”, which may include
manufacture of tubes, pipes, or other products of first processing of steel, but we
only isolate firms that are in the primary iron and steel industry class (24.10). Thus
we have dropped two Dutch installations, though they are matched, they do not
belong to the primary industry class that we are focusing on.

@ Since the matching proportions are based on CITL 9 sectors, the power
industry is just a small part of the combustion sector therefore we have a low
probability of matching for power, though we suspect that the non-matched ones
do not belong to the power sector.

matched—the ratio of matched firms and total firms in each CITL
sector. Though the power sector has a significantly low match
ratio, most of the non-matched firms are identified as being in
non-power sector, therefore we believe that our control group will
not contain ‘treated’ firms.

Table 3 presents the summary statistics for both participating
and non-participating firms by sector. As we can see from the last
column, participants generally are bigger—they incur higher
material and labor costs, and also have larger turnovers. This is
not surprising given that only large emitters are regulated by EU
ETS. However, the difference in size between participating and
non-participating firms does impose a difficulty in estimating the

Participants Non-participants Difference

Mean N Mean N Mean

Power generation

Material cost 92,630.0 1780 22,9507 2216 69,5186

(211,200.7) (43,962.0) (5,124.6)
Unit material cost 0.59 1836 0.48 2189 0.11
(0.23) (0.29) (0.01)
Turnover 93,427.1 2447 411471 2954 517434
(179,683.3) (72,926.0) (3,898.7)
Number of employees 400 1615 105 1925 299
(739) (199) (19)
Cement
Material cost 49,1050 694 2209335 466 25658.4
(107,809.0) (23,622.9) (6,128.8)
Unit material cost 0.33 732 049 464 - 017
(0.13) (0.17) (0.01)
Turnover 181,456.2 848 47,263.1 558 134,692.7
(414,994.7) (52,461.5) (14,969.1)
Number of employees 526 823 145 519 390
(1172) (151) (42)
lron and steel
Material cost 299,008.1 590 183,656.3 408 115810.4
(340,025.9) (183,532.8) (16,273.3)
Unit material cost 0.62 643 0.68 406 0.06
(0.16) (0.15) (0.01)
Turnover 432,463.9 617 2445473 489 185,733.0
(490,889.8) (233,898.6) (22,049.8)
Number of employees 935 561 509 444 424
(1118) (541) (54)

Note: For the first two columns the standard deviations are recorded in respective
parentheses, while the standard errors are recorded in the last ‘difference’ column.
The difference column also controls for year fixed effects. N denotes number of
observations. ‘Material cost’ and Turnover’ are nominal Euros, ‘Unit material cost’ is
defined as ratio of the material cost to turnover. ‘Number of employees’ is the
headcount of employees.

Unit Material Cost

.65 -
6 -
.55 -
5 A
45
T
2000 2010
year
Treated
~~~~~ Controt

Fig. 1. Unit material cost trend for the power generation industry.

causal effect (see more discussion in the next section). In order to
create a robust control group to isolate the size effect we use the
pre-program year in 2004 to choose non-participant firms that are
‘close enough’ to EU ETS firms. Specifically, we choose non-
participant firms who have their 2004 turnover falling between
the 25th and the 75th percentiles of the distribution of the
turnover of the participant firms as the control group. Figs. 1-3
illustrate the trend in unit material cost of participating and non-
participant firms. As we can see, for all the three sectors, the two
groups share similar trends before the program started in 2005.
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Unit Material Cost
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Fig. 2. Unit material cost trend for the cement industry.

Unit Material Cost
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Fig. 3. Unit material cost trend for the iron and steel industry. Note: For the above
figures, unit material cost is defined as the ratio of material cost to turnover.

We plot trends for the other two dependent variables of interest
and the pre-program trends also look similar.

4. Empirical method

The goal of our empirical analysis is to examine the effect of EU
ETS program on firm competitiveness. The key to estimate the
treatment effect is to construct the counterfactual outcome for
program participants in the absence of the program. If program
participants were chosen randomly, one could just compare the
outcomes from the participants and non-participants to estimate
the treatment effect during the program period. However, the
program requires an industrial installation in nine industry sectors
to participate only if the capacity or thermal usage of the
installation exceeds certain levels. Without randomized program
assignment, we turn to difference-in-differences (DD) estimation
by taking advantage of the panel nature of our data. By using non-
participants as the control group, the DD method compares the
differences in outcomes for participants (the treatment group)
before and after the intervention with the same differences for the
control group. By focusing on changes instead of levels, the
method controls for time-invariant characteristics that could be
correlated with the outcome variables. By comparing changes in
the two groups, we can control for time trends that were constant
across the two groups.

We specify the DD method through a two-way fixed effect
linear regression model

yit Yeadi pxyB P fi b det b uy a1p

where i indexesa firm and t indexes year. y;; is the logarithm of the
outcome variable that we are interested in including unit material
cost, number of employee, as well as turnover. di is a dummy
variable which is one if firm i is participating in the program at
time t. The model also controls for observed time-varying covari-
ates, X;;, a full set of firm effect, f;, and a fuil set of country-year
fixed effect, d¢, where c indexes the host country of firm i. The firm
fixed effects control for time-invariant firm-level factors that affect
outcome variable, while the country-year fixed effects control for
country-specific time trend such as macroeconomic conditions. u;
is the idiosyncratic error term. In this setup, the OLS estimate & can
be used to estimate the average treatment effect.”

Although the model includes a full set of firm fixed effects f;
and country-year fixed effects dy, the unbiasedness of & as an
estimator of the average treatment effect still relies on the
following two critical assumptions. The first one is that the trends
in the dependent variable over time captured by d; should be the
same across the treatment and control groups. This assumption
could be violated if changes in variables faced by both groups
(such as macroeconomic conditions) have different effects on the
outcome variables across the two groups. Given the systematic
difference in firm size between the treatment and control groups,
it may be of particular concern if changes in outcome variables
would be the same in the absence of the program during the
program period. Because we have more than two years of data
before the program started, we can see whether the pre-
intervention time trends are the same for the control and treat-
ment groups. If they are the same before the program as is the case
in our context, it will lend some support for the assumption that
they are the same after the program started.

The second assumption is that the start of the EU ETS program
is mean independent of the error term. This assumption could be
violated if EU started the program in response to time-varying
factors that affect outcome variables such as employment and
specific to the treatment group. However, this violation is unlikely
to happen given that the EU ETS was a way to fulfill EU obligations
from Kyoto protocol and to combat climate change.

5. Empirical results
5.1. Power generation sector

In this section, we present results for firms in the power
generation sector. We present results for four specifications for
each of the three regressions on employment, material costs, and
turnover. The first regression is from OLS without controlling for
firm fixed effects and time effects. The second regression includes
firm fixed effects while the third regression has both firm fixed
effect and country-year fixed effects. The fourth regression adds
interaction terms between program participation dummy with
permit allocation and usage variables.

Table 4 shows parameter estimates and clustered standard
errors (at the firm level) for the first regression where the
dependent variable is the number of employees (in log). The
results from the first two specifications suggest that the program
increased employment among participants in both phases. How-
ever, the parameter estimates for the third regressions suggest

© As the equation takes the semi-logarithmic functional form and dy is a
dummy variable, a consistent and unbiased estimator for the percentage impact of
the dummy regressor on the leveled dependent variable is exp(& - var(&/2)) - 1.
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Table 4
Results on employment for power companies.

(1 (2) ®) (4)

Phase 1 participation 0.546"""  0.0792" - 0.0277 L 0.176
(4.01) (1.80) (-0.46) (-0.92)
Phase 2 participation 0.372"" 0.125" -0.0198 - 0.326
(2.80) (1.96) (-0.23) (- 1.45)
Phase 1- log (surrendered) 0.0268
(1.55)
Phase 2- log (surrendered) 0.0944 "
(3.19)
Phase 1- log (allocated) - 0.0153
(-0.82)
Phase 2- log (allocated) - 0.0696
(-2867)
Plant fixed effects No Yes Yes Yes
Country-by-year fixed effects No No Yes Yes
Observations 3262 3262 3262 3262
Adjusted R? 0.012 0.003 0.066 0.070

Note: Dependent variable is the logarithm of number of employees. Standard errors
are clustered at the firm level and t statistics are shown in the respective
parentheses.

? Indicate significance at the 10 percent levels.

™" Indicate significance at the 5 percent levels.

""" Indicate significance at the 1 percent levels.

Table 5
Results on unit material cost for power companies.

(1) (2) (3) )

Phase 1 participation 0.125"""  0.0693""" 0.0479""" 0.0532
(7.88) (6.92) (3.82) (1.16)
Phase 2 participation 0.110™ 0.0895"" 0.0820"""  0.00664
(5.92) (6.80) (4.41) (0.10)
Phase 1- log (surrendered) - 0.00448
(-0.85)
Phase 2- log (surrendered) 00124
(- 147)
Phaset- log (allocated) 0.00428
(1.08)
Phase 2- log (allocated) 0.01917
(1.75)
Plant fixed effects No Yes Yes Yes
Country-by-year fixed effects No No Yes Yes
Observations 3712 3712 3712 3712
Adjusted R? 0.038 0.042 0.101 0.107

Note: Dependent variable is the unit material cost, defined as the ratio of total
material cost to operating revenue. Standard errors are clustered at the firm level
and t statistics are shown in the respective parentheses.

**Indicate significance at the 5 percent levels.

" Indicate significance at the 10 percent levels.
""" Indicate significance at the 1 percent levels.

that the program decreased employment in power companies
under the program by about 3 percent in the first phase and
2 percent in the second phase.

Nevertheless, both effects are not statistically significant from
zero. The last specification interacts program participation dummy
variables with allowances surrendered and allocated. The resuits
suggest that there is no heterogeneous effect across firms with
different levels of allowance usage and allocation during the first
phase. Under the second phase, a larger allowance usage is
associated with a larger employment while a larger aliocation is
associated with fewer employees. The number of allowance
surrendered is likely affected by unobserved idiosyncratic factors
at the plant level that affect production and hence emissions. So
we restrain from interpreting these coefficients as causal effects.

falile 5 presents estimated effects on material costs. The first
three specifications all suggest a positive impact on material costs
from program participation. The third specification with firm fixed
effects and country-year fixed effects provides the smallest esti-
mates: about 5 percent increase in phase one and 8 percent
increase in phase two. Because the power sector as a whole faced
a binding constraint of CO, emissions during the study period, the
increase in material costs could reflect the additional compliance
costs incurred for purchasing allowances and/or switching from
coal to natural gas.” It could also reflect the impact of parallel
renewable incentive policies (such as feed-in tariffs and renewable
portfolio standards) if large fossil fuel power suppliers that are
covered by EU ETS are also more likely to be affected by the
requirement of the renewable incentive policies.”” The exact
mechanism is, however, unlikely to be pinned down under the
current analysis because material costs are only reported at the
consolidated level. The fourth specification with interactions
shows that the increase in material costs is larger among firms
with a larger allocation of permits.

The results for firm turnover are shown in Table 6. The first two
specifications suggest that the program increased turnover in both
phases while the third specification with firm fixed effects and
country-year fixed effects shows no statistical significant effect on
average in the first phase and an almost 30 percent increase in the
second phase. The increase in turnover could come from an
increase in output or in price or in both components. Intuitively,
an increase in material costs could lead to an increase in electricity
prices. Since electricity demand is highly inelastic in the short-run,
the price increase could translate into an increase in turnover. The
fourth specification with interaction terms suggests that the
increase in turnover is larger among firms with a larger usage in
both phases. On the other hand, a larger allocation of allowances is
associated with a smaller turnover in the second phase. Both
findings could reflect utilities passing the cost (from compliance)
to consumers.

Qur analysis shows that the EU ETS in the first two phases had
no statistically significant impact on the number of employees
among power companies under the program. Given that electricity
markets are mostly national and electricity demand is relatively
inelastic, the program is unlikely to hinder the competitiveness of
the power companies in the form of reduced demand. Never-
theless, the program is associated with increased material costs,
most likely due to extra compliance costs to meet emissions
commitments or other renewable programs. In addition, the
regressions also show a positive impact on firm turnover. Whether
the increase in turnover will dominate the increase in material
costs and other costs, i.e., the impact of the program on profit, is
left for future research.

5.2. Cement

Tables 7-9 present estimation results on employment, material
costs and turnover for the cement industry. The model specifica-
tion in each column is the same as those in the previous section.
The fixed-effects model with firm and country-year dummies is
again our preferred specification.

" Considine and Larson (2009} find evidence of interfuel substitution between
coal and less carbon intensive or carbon free energy sources in electricity
generation following the introduction of EU ETS.

2 All countries in the study had implemented some kind of renewable
incentive programs during the study period. Under a feed-in tariff mechanism,
utilities are required to purchase power from renewable resources at a price higher
than the market electricity price. Under a renewable portfolio standard, electricity
suppliers must purchase tradable green certificates or otherwise supply renewable
energy for a certain percentage of their total end-use delivery.
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Table 6
Results on turnover for power companies.

Table 8
Results on unit material cost for cement.

(1) (2) (3) 4) (1) (2) (3) 4)
Phase 1 participation 0.439"" 0.430% 0.067 1417 Phase 1 participation £ 0.0997°"" - 0.00232 -00174 -0.0648
(4.24) (6.65) (0.79) (-3.85) (-552) (-0.21) (-118)  (-114)
Phase 2 participation 0.6347" 0.716%%" 0.299" - 1181 Phase 2 participation - 0.0853%""  0.00533 - 0.015 - 0.123
(5.75) (8.08) (2.40) (-2.14) (- 485) - 044 (-079) (-181)
Phase 1- log (surrendered) 0.144%"" Phase 1- log (surrendered) 0.00665
(3.71) (1.76)
Phase 2- log (surrendered) 0.249"" Phase 2- log (surrendered) 0.0272
(3.66) (1.03)
Phase 1- log (allocated) - 0.0175 Phase 1- log (allocated) - 0.00285
(-0.57) (-0.77)
Phase 2- log (allocated) - 0.122° Phase 2- log (allocated) -0.0183
(-1.79) (-085)
Plant fixed effects No Yes Yes Yes Plant fixed effects No Yes Yes Yes
Country-by-year fixed effects No No Yes Yes Country-by-year fixed effects No No Yes Yes
Observations 4820 4820 4820 4820 Observations 1080 1080 1080 1080
Adjusted R? 0.016 0.039 0.127 0.140 Adjusted R? 0.068 - 0.001 0.085 0.091

Note: Dependent variable is the logarithm of operating revenue. Standard errors are
clustered at the firm level and t statistics are shown in the respective parentheses.
" Indicate significance at the 10 percent levels.
" Indicate significance at the 5 percent levels.
""" Indicate significance at the 1 percent levels.

Table 7
Results on employment for cement.

(1) (2) (3) 4)
Phase 1 participation 0.420"" 0.0657 £ 0.0220 - 0.0761
(3.37) (1.28) (-027) (-0.29)
Phase 2 participation 0.3577%" 0.0549 - 0.0423 - 0.548
(2.84) (0.93) (-0.38) (- 1.55)
Phase 1- log (surrendered) 0.0618"
(1.83)
Phase 2- log (surrendered) 0.0756
(0.73)
Phase 1- log (allocated) - 0.0585
(-181)
Phase 2- log (allocated) - 0.0340
(-0.32)
Plant fixed effects No Yes Yes Yes
Country-by-year fixed effects No No Yes Yes
Observations 1205 1205 1205 1205
Adjusted R? 0.017 0.004 0.034 0.062

Note: Dependent variable is the logarithm of number of employees. Standard errors
are clustered at the firm level and t statistics are shown in the respective
parentheses.

""Indicate significance at the 5 percent levels.

" Indicate significance at the 10 percent levels.
7" Indicate significance at the 1 percent levels.

In Table 7, the pooled regression in column (1) shows that
participation in the first two periods of the trading is associated
with a strong and significant increase in employment. These
higher estimates are likely driven by the systematic difference
between regulated and unregulated firms—EU ETS firms are larger
with higher production capacity. Once controlling for the fixed
firm-level differences (column (2)), the parameter estimates on
program participation become much smaller and are no longer
statistically significant. Column (3) considers the possible hetero-
geneity in the time trends among participating nations. The results
indicate that employment reduced by 2 and 4 percent, respec-
tively, during the first and second phase of the program. However,
these effects are statistically insignificant. Column (4) shows that
controlling for the allocation and surrender of allowances does not
change the results.

Table 8 presents the estimation results on material costs. The OLS
model suggests that EU ETS firms have lower material costs by 9 to 10

Note: Dependent variable is the unit material cost, defined as the ratio of total
material cost to operating revenue. Standard errors are clustered at the firm level
and t statistics are shown in the respective parentheses.
"Mindicate significance at the 5 percent levels.

" Indicate significance at the 10 percent levels.

""" Indicate significance at the 1 percent levels.

Table 9
Results on turnover for cement.

(1) (2) (3) (4)
Phase 1 participation 0.160 0.340"" - 0.125 - 0.405
(1.03) (4.29) (- 104) (- 100)
Phase 2 participation 0.251 0.368"" - 0.159 - 0679
(1.83) (4.23) (-1.08) (- 1.39)
Phase 1- log (surrendered) 0.0949°
(1.78)
Phase 2- log (surrendered) 0.0839
(0.86)
Phase 1- log (allocated) - 0.0747
(- 141)
Phase 2- log (allocated) - 0.0409
(- 0.40)
Plant fixed effects No Yes Yes Yes
Country-by-year fixed effects No No Yes Yes
Observations 1259 1259 1259 1259
Adjusted R? 0.002 0.070 0.252 0.270

Note: Dependent variable is the logarithm of operating revenue. Standard errors are
clustered at the firm level and t statistics are shown in the respective parentheses.
""Indicate significance at the 5 percent levels.

" Indicate significance at the 10 percent levels.
""" Indicate significance at the 1 percent levels.

percent compared to their unregulated counterparts. The difference
could be explained by the fact that larger firms are more efficient at
production due to economies of scale. In contrast to the OLS results,
the negative correlation disappears in fixed effects models. Based on
our preferred estimator in column (3), firm material costs slightly
reduce due to participation in the carbon trading. However, this effect
is not significant at any reasonable level of confidence. Column
(4) shows that a one percent increase in the usage of allowances in
phase 1 is associated with a 0.7 percent increase in the material costs.
As explained earlier, because allowances and other material inputs are
both likely to be correlated with unobserved exogenousshocks, we do
not interpret the result as a causal effect.

Table 9 summarizes regression results on the determinants of
firm turnover. The estimated parameters of the OLS and firm fixed
effects models in columns (1) and (2) suggest that participating in
EU ETS is associated with a large and statistically significant (in the
case of fixed-effects model) increase in turnover. We suspect this
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Table 10
Results on employment for iron and steel.

Table 12
Results on turnover for iron and steel.

(1) ) (3) (4)

(M 2 (3) 4)

Phase 1 participation 0.631°% 0.0552 L 0.102 - 10127
(3.38) (0.42) (- 0.80) (-2.05)
Phase 2 participation 0.441™ 0.146 0.00211 -0.756
(2.28) (1.29) (0.01) (-1.08)
Phase 1- log (surrendered) 0.0803"
(1.70)
Phase 2- log (surrendered) - 0.00854
(-0.10)
Phase 1- log (allocated) 0.000179
(0.01)
Phase 2- log (allocated) 0.0743
(0.79)
Plant fixed effects No Yes Yes Yes
Country-by-year fixed effects No No Yes Yes
Observations 902 902 902 902
Adjusted R? 0.029 0.002 0.003 0.002

Phase 1 participation 0.533"""  0.483"" L 00484 0.172
(3.44) (4.39) (-0.30) (0.41)
Phase 2 participation 0.239° 0.404°" 0.117 0.592
(1.70) (3.65) (0.51) (1.01)
Phase 1- log (surrendered) - 0.00092
(-0.02)
Phase 2- log (surrendered) 0.0498
(0.48)
Phase 1- log (allocated) - 0.0195
(-0.486)
Phase 2- log (allocated) - 0.0897
(-0.88)
Plant fixed effects No Yes Yes Yes
Country-by-year fixed effects No No Yes Yes
Observations 987 987 987 987
Adjusted R? 0.022 0.054 0.281 0.279

Note: Dependent variable is the logarithm of number of employees. Standard errors
are clustered at the firm level and t statistics are shown in the respective
parentheses.

? Indicate significance at the 10 percent levels.

™" Indicate significance at the 5 percent levels.

""" Indicate significance at the 1 percent levels.

Table 11
Results on unit material cost for iron and steel.

(1) 2 (3) 4)

Phase 1 participation - 0.0188 0.0134 - 0.00786 0.0335
(- 104) (1.27) (-0.53) (0.54)
Phase 2 participation 0.0192 0.0430"""  0.0250 -0.0857
(1.07) (3.37) (0.83) (-0.98)
Phase 1- log (surrendered) - 0.00125
(-0.20)
Phase 2- log (surrendered) - 0.0356
(-137)
Phase 1- log (allocated) - 0.00215
(- 0.35)
Phase 2- log (allocated) 0.0438
(1.54)
Plant fixed effects No Yes Yes Yes
Country-by-year fixed effects No No Yes Yes
Observations 950 950 950 950
Adjusted R? 0.003 0.033 0.080 0.096

Note: Dependent variable is the unit material cost, defined as the ratio of total
material cost to operating revenue. Standard errors are clustered at the firm level
and t statistics are shown in the respective parentheses.

"Indicate significance at the 10 percent levels.

""Indicate significance at the 5 percent levels.

"% Indicate significance at the 1 percent levels.

seemingly counterintuitive result could be explained by country-
specific shocks contemporaneous with the implementation of EU
ETS. For example, some countries may have facilitated state aid to
balance the impact of the carbon regulation. Indeed, once we
control for country-year fixed effects as in our preferred specifica-
tion in column (3), the correlation between program participation
and firm turnover becomes negative and statistically insignificant
from zero. The column (4) shows that higher consumption
of allowances in phase 1 is associated with larger amount of
turnover. This correlation is more likely driven by factors such
as demand shocks that simultaneously influence emission and
outputs.

Overall, the above results suggest that EU ETS is neither
detrimental nor profitable for the cement industry. There is also
little evidence to support carbon leakage.

Note: Dependent variable is the logarithm of operating revenue. Standard errors are
clustered at the firm level and t statistics are shown in the respective parentheses.
"?Indicate significance at the 5 percent levels.

? Indicate significance at the 10 percent levels.
""" Indicate significance at the 1 percent levels.

5.3. Iron and steel

Lastly, we run similar regressions for firms in the iron and steel
industry, and the resuits are in Tables 10-12. From Table 10,
column (1) shows that the two phases of EU ETS led to a
statistically significant increase in employment, which can be seen
from the summary statistics in Table 3. As argued above, this result
is not valid if there are other unobserved effects that may be
correlated with the participation as well as the dependent variable
(employment). Columns (2) and (3) therefore control for firm fixed
effects and country-by-year fixed effects. We can see that in
column (3), after controlling for unobserved time-invariant firm-
specific effects and time-variant country-specific effects, the EU
ETS participation in Phase 2 has no effect on employment, though
Phase 1 participation shows a non-significant 10 percent decrease.
Most of the effects in column (1) are absorbed into the firm fixed
effects. Column (4) controls for allowances allocated and surren-
dered. We can see that there is a positive effect of surrendered
permits on employment of Phase 1 participated firms, though that
may be caused by the positive production shocks that increase
both labor and pollution.

Table 11 tabulates the results for unit material cost. The OLS
result in column (1) shows that there are no statistically significant
relationship between EU ETS participation and unit material cost.
The fixed effects model in column (2) implies the Phase 1 of EU
ETS increases the unit material cost of steel plants by about
4.3 percent. However, after controlling for possible policy
responses by participating countries, the effect decreases to
around 2.5 percent and it is no longer statistically significant. In
both cases the Phase 1 appears to have no impact on the iron and
steel plants too—before and after controlling for the country-by-
year dummies, Phase 1 participation increases the unit material
cost by 3.3 percent and decreases that by 0.8 percent respectively,
and both effects do not appear to be statistically significant too.
From column (4) it appears that there is correlation between unit
material cost, Phase 2 participation and allocated permits, but we
are being cautious here on whether these results are causal for
reasons explained earlier.

Finally Table 12 looks at the effect of EU ETS on firm operating
revenue. Both the OLS results and the fixed effects results show a
positive and statistically significant relationship between EU ETS
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and firms’ turnover. These results suggest that Phase 1 and Phase
2 of EU ETS increase the firms’ sales by 48-53 percent and 24-40
percent, respectively. While it seems unintuitive that a cap-and-
trade program (which increases their costs somehow) will
increase revenue, this correlation can be explained by some
revenue-improving country policies that are correlated with the
program timing that also affects the participants. After controlling
for time-varying country-specific factors in column (3), the effects
significantly drop and become insignificantly different from zero.

6. Conclusion

The EU ETS is the first international cap-and-trade program for
CO, and the largest environmental pricing regime in the world
(European Commission, 2012). Covering more than 12,000 power
stations and industrial plants in 30 countries, it is slated to finish
its second phases and to further expand to more industrial sectors
such as petrochemicals in 2013. Understanding the impacts of
such a large scale environmental intervention on firms is impor-
tant not only because it is a critical step to examine the cost-
effectiveness of the program itself but also it can provide useful
lessons for other countries and regions who are contemplating
cap-and-trade programs such as China and India.

While there exists a large literature on the US. SO, allowance
trading program, the world's first (and now virtually coliapsed)
large-scale cap-and-trade program, empirical studies on the EU
ETS program is much scarcer. Our paper adds to this literature by
investigating the impacts of EU ETS on material costs, employment
and turnover for three main sectors: electric power, cement, iron
and steel.

The program impacts on firms by EU ETS can be at best
described as limited and isolated among the three sectors ana-
lyzed during the first phase (2005-2007) and the first part of the
second phase (2008-2009). Our preliminary analysis showed only
statistically significant effect on material costs and turnover
among power plants and none were detected on any of the three
variables of interests in cement, or iron and steel firms. Because
the power sector as a whole was with a net short position of
emission allowances, we conjecture that the increase in material
costs among electric power firms could be linked to compliance
costs associated with allowance purchasing and/or fuel switching
from coal to natural gas. The rising material costs could also reflect
the costs to fulfill obligations under the paraliel renewable
incentive programs which require utilities to purchase power from
renewable resources at a price higher than the market price or to
purchase tradable green certificates. The exact mechanism is
however unlikely to be identified under the current analysis given
the limited data availability. The increase in turnover in the second
phase could partly reflect the cost pass-through to consumers in a
market less exposed to competition outside EU. Our finding of no
impacts for cement and iron and steel sectors suggests that
concerns over carbon leakage, job loss and industry competitive-
ness are not substantiated at least during the study period. Lastly,
the varying impacts underscore the validity of the sector-by-sector
empirical approach.

It is important to note that these findings should be viewed in
concert with the specific program period analyzed. As discussed in
our introduction, the first phase of the EU ETS is a trial phase
where abundance of allowances was allocated. Although the
second phase aimed to reduce the CO, emissions by 6.5 percent
below the 2005 level, the economic recession made the goal easier
to achieve. In the future, we plan to extend the research in at least
the following two directions. First, while we have analyzed
material costs, employment and turnover so far, we have not
examined the impact on firm profit yet. Second, we plan to include
data from 2010 to 2012 in our analysis so that we can get a more
complete picture of the impacts of the second phase of the
program.
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Wnited States Senate

COMBMITTEE ON ENVIRONMENT AND PUBLICWORKS
WASHINGTON, DU 20670-8175

July 21,2015

The Honorable Gina McCarthy
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, D.C. 20460

Dear Administrator McCarthy:

We write in regards to heightened Congressional concerns with the Obama
Administration’s lack of transparency and accountability in developing and updating the social
cost of carbon (SCC) estimates. As you are aware, the SCC is a complex figure developed by a
clandestine Interagency Working Group (IWG) and cited by the Administration as the presumed
cost of a ton of carbon dioxide. On July 2, 2015, the Administration released a technical update
to the SCC and a response to 150 substantive public comments submitted on the eqtzmates
Despite the IWG spending over a year and four months reviewing these comments,” the SCC
update reflected a mere $1.00 difference in the SCC estimates and provided superficial responses
to public comments. Such a delayed and lax response is wholly inadequate and only
compounded by the fact the Administration has obstinately withheld basic information about the
IWG from Congress and the public,

In light of the far-reaching application of the SCC to federal regulations, guidance
documents, permitting decisions, and even grants applications, Congressional oversight of the
SCC is ever more 1mportant As of July 13, 201 5 the SCC has been cited in 114 proposed or
final rules across six federal agencies and offices.” The Environmental Protection Agency (EPA)
is one of the primary users of the SCC in its regulatory analyses. It is the linchpin of all the
Agency’s purported climate benefits wen though the SCC is based on global benefits while the
costs are borne solely by Americans.* Critically, despite the veil of the IWG and the

'"Response to Comments: Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.

Interagency Working Group on Social Cost of Carbon, United States Government, July 2015, available at

hm;gq Hwww whitehouse. gov/sites/default/files/omb/inforeg/sce-response-to-comments-final-july-2015.pdf
* Comment period ended February 26, 2014. See Technical Support Document: Technical Update of the Social Cost

of Carbon for Regulatory Impact Analysis Under Exec. Order No. 12866, Notice of extension of public comment

period, 79 Fed: Reg. 4359 (Jan: 27, 2014), availuble at http://www.epo.gov/fdsys/pke/FR-2014-01:27/pd /20 14-

01605 pdf,

? See

http:/fwww.regulations.gov/#! searchResults:rpp=25:po=0:5=%2 522s0¢ial%2 52 Bcost%2 52 Bof%2 52 Bearbon%2522;

dkt=R:det=PR%252BFR (last visited July 14, 2015).
* Carbon Pollution Emission Guidelines for Exxstmg Stationary Sources: Electric Utility Generating Units, 79 Fed.
Reg. 34830 (June 18, 2014), available at http://www.gpo.gov/fdsys/pke/FR-2014-06-18/pdf/2014-13726.pdf.

PR DN BECY LD BAMER
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Administrator McCarthy
July 21, 2015
Page 2 of 3

Administration’s resistance to SCC transparency, we have learned that the EPA, in fact, was
responsible for calculating the SCC estimates.” The Agency has further explained that “EPA
staff from the Office of Policy (OP) and Office of Aw and Radiation (OAR) provided technical
expertise to the broader SCC workgroup as needed. "5 We hzwc also identified several former or
current EPA officials who directly participated in the IWG.” Accordingly, as an integral
participant in the IWG, we are requesting corresponding documents directly from the EPA.

Congress’s oversight interest in the SCC is well established. Since the May 2013 SCC
update, nearly a dozen Congressional requests have been sent to the EPA, the Office of
Information and Regulatory Affairs (OIRA), or other agencies and offices seeking information
on the SCC. Most recently, on March 9, 2015, we sent OIRA a letter asking about the IWG’s

role and status in reviewing publm comments, participants of the IWG, and mformatwn
regarding the process used to review and potentially update the SCC estimates.® However,
OIRA’s response was insufficient, failed to provide specific information requested such as
details regarding IWG Earticipants or specifics about the review process, and outright ignored the
request for documents.” OIRA instead provided generic information, most of which was already
available on OIRA’s website and included in the SCC technical support document.
Congressional requests for information on the SCC during the 113th Congress yielded similarly
ambiguous answers from the Administration.

In order for Congress to fully understand the development of and updates to the SCC, we
request that EPA please provide, by no later than August 11, 2015, all documents and
communications referring or relating to the “social cost of carbon™ or the “SCC” from January
20, 2009,,‘9 to present.

S “EPA officials—sometimes with the assistance of the model developers—calculated the estimates.” GOV’T
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014), available at hitp://www.gao.gov/assets/670/665013.pdf.

* Nominations of Janet G. McCabe to be the Assistant Administrator for Air and Radiation of the U.S.
Environmental Protection Agency, Ann E, Dunkinto be the Assistant Administrator for Environmental Information
of the U.S. Environmental Protection Agency, avid Manuel H.Ehrlich, J¥., to be a Member of the Chemical Safety
and Hazard Investigation Board: Hearing Before the S. Comm.-on Env't & Pub, Works, 113th Cong (Apr. 8,2014)
(J anet McCabe Response to Questions Submitted for the Record by Senator Vitter) (on file with Committee).

" For example, “[a]ll the authors actively participated in the interagency SCC discussion.” Charles Griffiths,
Elizabeth Kc;pus Alex Marten, Chris Moore, Steve Newbold & Ann Wolverton, Estimating the “Social Cost of
Carbon” for Regulatory Impact Analysis, RESOURCES FOR THE FUTURE (Nov. 8, 2010),
htpy//www.rfforg/Publications/WPC/Pages/Estimating-the-Social-Cost-of- Carbon-for-Regulatory-Impact-
Analysis.aspx.
¥ Letter from Senator James Inhofe and Republican Senators to Howard Shelanski, Administrator, Office of
Information and Regulatory Affairs (Mar. 9, 2015), available at hitp://www.epw senate.gov/public/index.clin/press-
releases-republican?1D=FCIF49F-92DA- [4BE-B 1 74-0E64E249F248.
¥ Letter from Howard Shelanski to Senator James Inhofe, Chairman, 8. Comm. on Env’t & Public Works (Apr. 06,
2015) (on file'with Committee).

' According to the Government Accountability Office, the IWG was convened “[i]n early 2009." Gov'r
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014) at 6, available at hitp://www.gao.gov/assets/670/665015 pdf.
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E
Administrator McCarthy

July 21, 2015
Page 3 of 3

Thank you for your prompt attention to this matter. If you have any questions with this
request, please contact the Senate Committee on Environment and Public Works at (202) 224-

6176,
Sincerely,
T
" James M. Inhofe David Vitter
Chairman .S, enatm‘

Roy Bluni,
U.S. Senator

V) QM&‘

waoqzman Deb Fischer
U.S. Senator 1J.8. Senator

Shelley Mo Capito . Bill Cassidy
UJ.S. Senator U.S. Senator

AamesTankford M. MichacliRounds
Uﬂ;ﬁ}:ﬁﬁtm U.8. Senator
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To: Marten, Alex[Marten.Alex@epa.gov]

Cc: Jenkins, Robin[Jenkins.Robin@epa.govl; Kopits, Elizabeth[Kopits.Elizabeth@epa.gov}
From: Shouse, Kate

Sent: Mon 5/4/2015 3:51:08 PM

Subject: RE: NHTSA RIA Contact

Hi, Alex. That’s a good idea and a good question ~ I don’t know who has been coordinating that

DTA -+ NITTCQA Tlhaoam®t aomodiontad otile avncrmann b RTETTC A ~dla e the nee T T2 nlian 1l o 41
DA ab INEL L O AL 1 HAVCLD L LUOULULIIEAlOU WILLE au_yuuc at INEL 2o, ULLICEH Lildll LJULL KICKICIL Ul Lic

SCC sections. All of our communication goes through OTAQ first, though, and the
EPA/NHTSA liaisons. I can ask OTAQ for a contact person.

Thanks

Kate

From: Marten, Alex

Sent: Monday, May 04, 2015 11:41 AM
To: Shouse, Kate

Cc: Jenkins, Robin; Kopits, Elizabeth
Subject: NHTSA RIA Contact

Hi Kate,

Who is the RIA contact in NHTSA for the MD/HD rule?

Another DOT office has a pipeline rule at OMB which is attempting to
monetize CH4 benefits and I think we want to point them to someone who
can help them update the RIA to be consistent with other DOT
rulemakings.

Thanks.
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Alex L. Marten
phone: (202) 566-2301
email: marten.alex@epa.gov
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To: Marten, Alex[Marten.Alex@epa.gov]
From: Wolverton, Ann

Sent: Mon 4/20/2015 1:48:17 PM

Subject: RE: SCC follow up

Thanks! There’s no way I would have managed to find them again.

Ann

From: Marten, Alex

Sent: Friday, April 17,2015 4:29 PM
To: Wolverton, Ann

Subject: FW: SCC follow up

I think you were cc’ed on some of the internal discussion, but here
was the final email to USAID

Alex L. Marten
phone: (202) 566-2301
email: marten.alex@epa.gov

From: Barron, Alex

Sent: Wednesday, July 30, 2014 7:20 PM

To: chaxthausen@usaid.gov

Cc: McGartland, Al; Dunham, Sarah; Gunning, Paul; Marten, Alex; Akhtar, Farhan H; Schuler,
Reed M; Goffman, Joseph

Subject: SCC follow up

Eric - Here is some technical information which may be of interest. The Social Cost of Carbon
(SCC) represents the aggregate willingness-to-pay to avoid the emissions of one additional
metric ton of carbon dioxide (CQO»), i.¢., the benefits of reducing emissions by one metric ton. In
2009 the U.S. Government formed an Interagency Working Group which developed estimates of
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the SCC based on an ensemble of integrated assessment models run with a set of consistent input
assumptions. The first set of SCC estimates were published in 2010 with updated estimates
published in 2013. The SCC estimates themselves and details of estimation methodology
employed U.S. Government are available in the 2010[1] and 2013[ii] technical support
documents. The motivation for development of the USG SCC estimates was for use in
regulatory impact analyses (RIAs), which often include a benefit-cost analysis (BCA), conducted
under Executive Order 12866. To date the SCC estimates have been used in dozens of RIAs

PRYIS I S :

R JURDS NS IR | PR adins e A

conducted by federal agencies. The SCC is the theoretically appropriate metric to use in
evaluating the monetized benefits of marginal reductions in net global CO, emissions.

Also for background, the SCC has also been used to evaluate the monetary benefits of net CO»
reductions outside of RIAs. A few examples we have located are:

- Minnesota uses the SCC to determine the environmental benefits of distributed
solar generation.[iii]

- The IMF has used the SCC to study the social costs of energy subsidies.[iv]

- Research sponsored by USAID has used the SCC to estimate the CO2
sequestration benefits associated with forest conservation.[v]

- The World Bank has used the SCC to inform the “global environmental cost” of
CO- emissions in assessing a loan for distributed solar generation.[vi]

- The U.K. government has used the SCC in assessing the impacts of specific
transportation infrastructure projects.[vii]

- The DOT’s Transportation Investment Generating Economic Recovery (TIGER)
discretionary grant program requires a demonstration that benefits justify costs for
proposed projects, and the guidance DOT provides to applicants for how to conduct
such an analysis specifies that they should use the USG SCC estimates.[viii]
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Happy to discuss further, just give me a ring.

Alex

Alex Barron, Ph.D.

Deputy Associate Administrator

Office of Policy

U.S. Environmental Protection Agency

202-564-3304

[i] http://www.whitehouse.gov/sites/default/files/omb/inforeg/for-agencies/Social-Cost-of-
Carbon-for-RIA.pdf

[ii] http://lwww.whitehouse.gov/sites/default/files/omb/assets/inforeg/technical-update-
social-cost-of-carbon-for-regulator-impact-analysis.pdf

[iii] http://mn.gov/commerce/energy/images/MN-VOS-Methodology-FINAL.pdf
[iv] http://www.imf.org/external/np/pp/eng/2013/012813.pdf
[v] http://pdf.usaid.gov/pdf_docs/PNADI193.pdf

[vi] http://www-

wds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2013/03/04/000442464_201303041
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[vii]
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/243816/aeat-
scc-report.pdf

[viii] http://www.dot.gov/sites/dot.gov/files/docs/BCA_OnlineSupplement May22 2013.pdf, p.
7
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To: Sherwood, Todd[sherwood.todd@epa.gov], Marten, Alex{Marten.Alex@epa.gov]
Cc: Davidson, Ken[Davidson.Ken@epa.gov}

From: Shouse, Kate

Sent: Wed 2/18/2015 5:34:38 PM

Subject: RE: RIA uses 2013 SCC Numbers

No apologies needed, you're raising really good questions.

Alex, do you have a few minutes to talk on the phone about how we present the SC-CO2 values
and SC-CH4/N20 values in RIA tables? (Referring to the SC-values, not the GHG benefits
calculated with the SC-values). | see a couple of options but will easier to discuss. Todd and
Ken, you're welcome to join, but | think this would be a quick call focused on SCC and IWG
guidance, not an HD2-specific question, and don’t want o take up more of your time than |
already have.

From: Sherwood, Todd

Sent: Wednesday, February 18, 2015 12:22 PM
To: Shouse, Kate; Marten, Alex

Cc: Davidson, Ken; Li, Jia; Klemick, Heather
Subject: RE: RIA uses 2013 SCC Numbers
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From: Shouse, Kate

Sent: Wednesday, February 18, 2015 12:00 PM
To: Marten, Alex; Sherwood, Todd

Cc: Davidson, Ken; Li, Jia; Klemick, Heather
Subject: RE: RIA uses 2013 SCC Numbers

Todd, does this give you what you need or would it be helpful to talk on the phone today?

From: Marten, Alex

Sent: Tuesday, February 17, 2015 11:31 AM
To: Sherwood, Todd; Shouse, Kate

Cc: Davidson, Ken; Li, Jia; Klemick, Heather
Subject: Re: RIA uses 2013 SCC Numbers

Hi Todd,

I agree this is confusing, so thanks for sending the spreadsheet. It makes this
easier to talk about.

ED_442-001383702



Alex Marten

marten.alex@epa.gov

From: Sherwood, Todd

Sent: Tuesday, February 17, 2015 10:59 AM
To: Marten, Alex; Shouse, Kate

Cc: Davidson, Ken; Li, Jia; Klemick, Heather
Subject: RE: RIA uses 2013 SCC Numbers

Alex/Kate,

Please let me know what, if anything, needs to change in the attached.

Thank you.

Todd

From: Marten, Alex

Sent: Tuesday, February 17, 2015 10:18 AM

To: Shouse, Kate

Cc: Sherwood, Todd; Davidson, Ken; Li, Jia; Klemick, Heather
Subject: Re: RIA uses 2013 SCC Numbers

ED_442-001383702



From my understanding of the email chain this is the approach we have been using for
C02. We should probably use the same approach for non-C02 gases.

I'm happy to discuss this further.

Alex Marten

marten.alex@epa.gov

From: Shouse, Kate

Sent: Tuesday, February 17, 2015 9:43 AM

To: Marten, Alex

Cc: Sherwood, Todd; Davidson, Ken; Li, Jia; Klemick, Heather
Subject: Fwd: RIA uses 2013 SCC Numbers

Todd and Ken, please jump in if you have anything to add. FYI,

this week.

Thanks,
Kate

—————————— Forwarded message ----------
From: Shouse, Kate <Shouse.Kate@epa.gov>
Date: Tue, Feb 17, 2015 at 9:29 AM
Subject: Fwd: RIA uses 2013 SCC Numbers
To: Kate Shouse | Personal cell/lemail

Jia is on leave
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Sent from my iPhone
Begin forwarded message:

From: "Sherwood, Todd" <sherwood.todd@epa.gov>

Date: February 17, 2015 at 9:16:20 AM EST

To: "Davidson, Ken" <Davidson.Ken@epa.gov>, "Li, Jia"
"Shouse, Kate" <Shouse.Kate@epa.gov>

o Hrbaoas Nt AT ot Pyod Aldme o premagy
L. LiiVL g wav.aiud Nu AW L s GV LU LI o UV /7

Subject: FW: RIA uses 2013 SCC Numbers

<Li.Jia@epa.gov>,

The issue here is as follows:

EX S

Do 1 have that correct? Did I misunderstand anything?

Ex 5

From: James.Maclsaac@dot.gov [mailto:James.Maclsaac@dot.gov]

Sent: Friday, February 13, 2015 5:17 PM

To: Choi, David; Davidson, Ken; Sherwood, Todd

Cc: Spears, Matthew; Moulis, Charles; james.tamm@dot.gov;
Analiese.Marchesseault@dot.gov; ryvan.hagen@dot.gov; rebecca.yoon@dot.gov;
Coralie.Cooper@dot.gov; Kevin.Green@dot.gov; Don.Pickrell@dot.gov; Ryan.Keefe@dot.gov;
Walter.Gazda@dot.gov; russell. krupen@dot.gov; megan.brown@dot.gov

Subject: FW: RIA uses 2013 SCC Numbers

David, Todd, & Ken,
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Thanks,

Jamie

James D. Maclsaac Jr. (Jamie)

General Engineer

Fuel Economy Division, NVS-132

Office of International Policy, Fuel Economy & Consumer Programs
U.S. Department of Transportation

National Highway Traffic Safety Administration (NHTSA)

West Building, W43-444
1200 New Jersey Ave, SE

Washington, DC 20590

james. macisaac@dot.goy
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www, NHTSA.gov

From: Riley-Gilbert, Marybeth [mailto:Marybeth. Riley-Gilbert@icfi.com]

Sent: Wednesday, February 11, 2015 2:50 PM

To: Hagen, Ryan (NHTSA); Maclsaac, James (NHTSA); Venezia, John

Cc: Powers, Sarah; Diller, Elizabeth; Cooper, Coralie (VOLPE); Krupen, Russell (NHTSA);
Brown, Megan (NHTSA); Marchesseault, Analiese (NHTSA)

Subject: RE: RIA uses 2013 SCC Numbers

Hi All-

For comparison’s sake, here is the table of SCC values per-ton we’ve developed. The
RIA’s table follows. Mismatches are highlighted in yellow.

November 2013 TSD Update Values
DEIS: Table 5.3.2-1. Social Cost of CO2Z, 2010-2050 (in 2012 dollars per
metric ton}

5% Average 3% Average 2.5% Average 3% 95th percentile

2010 $12 $35 $55 $96
2012 $12 $37 $58 $105
2014 $12 $39 $61 $113
2015 $12 $40 $62 $118
2020 $13 $46 $69 $138
2025 $15 $51 ‘ ’
2030 $17 $56 $81 $172
2035 [ - $86 $189
2040 $23 $66 $93 $206
2045 $26 $71 $99

2050 $28 $77 $105

RIA

Table 81: Social Cost of CO,, 2012 — 2050° (in 2012$ per Metric Ton)

Calendar Discount Rate and Statistic

Year 5% Average 3% 2.5% 3%
Average Average 95%

percentile
2010
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2012 $12 $37 $58 $105
2014

2015 $61 $118
2020 $69 $138
2025 s
2030 $81 $172
2035 $86 $189
2040 $93

2045 $o0l
2050 $105
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Wnited States Senate

COMBMITTEE ON ENVIRONMENT AND PUBLICWORKS
WASHINGTON, DU 20670-8175

July 21,2015

The Honorable Gina McCarthy
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, D.C. 20460

Dear Administrator McCarthy:

We write in regards to heightened Congressional concerns with the Obama
Administration’s lack of transparency and accountability in developing and updating the social
cost of carbon (SCC) estimates. As you are aware, the SCC is a complex figure developed by a
clandestine Interagency Working Group (IWG) and cited by the Administration as the presumed
cost of a ton of carbon dioxide. On July 2, 2015, the Administration released a technical update
to the SCC and a response to 150 substantive public comments submitted on the eqtzmates
Despite the IWG spending over a year and four months reviewing these comments,” the SCC
update reflected a mere $1.00 difference in the SCC estimates and provided superficial responses
to public comments. Such a delayed and lax response is wholly inadequate and only
compounded by the fact the Administration has obstinately withheld basic information about the
IWG from Congress and the public,

In light of the far-reaching application of the SCC to federal regulations, guidance
documents, permitting decisions, and even grants applications, Congressional oversight of the
SCC is ever more 1mportant As of July 13, 201 5 the SCC has been cited in 114 proposed or
final rules across six federal agencies and offices.” The Environmental Protection Agency (EPA)
is one of the primary users of the SCC in its regulatory analyses. It is the linchpin of all the
Agency’s purported climate benefits wen though the SCC is based on global benefits while the
costs are borne solely by Americans.* Critically, despite the veil of the IWG and the

'"Response to Comments: Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.

Interagency Working Group on Social Cost of Carbon, United States Government, July 2015, available at

hm;gq Hwww whitehouse. gov/sites/default/files/omb/inforeg/sce-response-to-comments-final-july-2015.pdf
* Comment period ended February 26, 2014. See Technical Support Document: Technical Update of the Social Cost

of Carbon for Regulatory Impact Analysis Under Exec. Order No. 12866, Notice of extension of public comment

period, 79 Fed: Reg. 4359 (Jan: 27, 2014), availuble at http://www.epo.gov/fdsys/pke/FR-2014-01:27/pd /20 14-

01605 pdf,

? See

http:/fwww.regulations.gov/#! searchResults:rpp=25:po=0:5=%2 522s0¢ial%2 52 Bcost%2 52 Bof%2 52 Bearbon%2522;

dkt=R:det=PR%252BFR (last visited July 14, 2015).
* Carbon Pollution Emission Guidelines for Exxstmg Stationary Sources: Electric Utility Generating Units, 79 Fed.
Reg. 34830 (June 18, 2014), available at http://www.gpo.gov/fdsys/pke/FR-2014-06-18/pdf/2014-13726.pdf.

PR DN BECY LD BAMER
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Administrator McCarthy
July 21, 2015
Page 2 of 3

Administration’s resistance to SCC transparency, we have learned that the EPA, in fact, was
responsible for calculating the SCC estimates.” The Agency has further explained that “EPA
staff from the Office of Policy (OP) and Office of Aw and Radiation (OAR) provided technical
expertise to the broader SCC workgroup as needed. "5 We hzwc also identified several former or
current EPA officials who directly participated in the IWG.” Accordingly, as an integral
participant in the IWG, we are requesting corresponding documents directly from the EPA.

Congress’s oversight interest in the SCC is well established. Since the May 2013 SCC
update, nearly a dozen Congressional requests have been sent to the EPA, the Office of
Information and Regulatory Affairs (OIRA), or other agencies and offices seeking information
on the SCC. Most recently, on March 9, 2015, we sent OIRA a letter asking about the IWG’s

role and status in reviewing publm comments, participants of the IWG, and mformatwn
regarding the process used to review and potentially update the SCC estimates.® However,
OIRA’s response was insufficient, failed to provide specific information requested such as
details regarding IWG Earticipants or specifics about the review process, and outright ignored the
request for documents.” OIRA instead provided generic information, most of which was already
available on OIRA’s website and included in the SCC technical support document.
Congressional requests for information on the SCC during the 113th Congress yielded similarly
ambiguous answers from the Administration.

In order for Congress to fully understand the development of and updates to the SCC, we
request that EPA please provide, by no later than August 11, 2015, all documents and
communications referring or relating to the “social cost of carbon™ or the “SCC” from January
20, 2009,,‘9 to present.

S “EPA officials—sometimes with the assistance of the model developers—calculated the estimates.” GOV’T
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014), available at hitp://www.gao.gov/assets/670/665013.pdf.

* Nominations of Janet G. McCabe to be the Assistant Administrator for Air and Radiation of the U.S.
Environmental Protection Agency, Ann E, Dunkinto be the Assistant Administrator for Environmental Information
of the U.S. Environmental Protection Agency, avid Manuel H.Ehrlich, J¥., to be a Member of the Chemical Safety
and Hazard Investigation Board: Hearing Before the S. Comm.-on Env't & Pub, Works, 113th Cong (Apr. 8,2014)
(J anet McCabe Response to Questions Submitted for the Record by Senator Vitter) (on file with Committee).

" For example, “[a]ll the authors actively participated in the interagency SCC discussion.” Charles Griffiths,
Elizabeth Kc;pus Alex Marten, Chris Moore, Steve Newbold & Ann Wolverton, Estimating the “Social Cost of
Carbon” for Regulatory Impact Analysis, RESOURCES FOR THE FUTURE (Nov. 8, 2010),
htpy//www.rfforg/Publications/WPC/Pages/Estimating-the-Social-Cost-of- Carbon-for-Regulatory-Impact-
Analysis.aspx.
¥ Letter from Senator James Inhofe and Republican Senators to Howard Shelanski, Administrator, Office of
Information and Regulatory Affairs (Mar. 9, 2015), available at hitp://www.epw senate.gov/public/index.clin/press-
releases-republican?1D=FCIF49F-92DA- [4BE-B 1 74-0E64E249F248.
¥ Letter from Howard Shelanski to Senator James Inhofe, Chairman, 8. Comm. on Env’t & Public Works (Apr. 06,
2015) (on file'with Committee).

' According to the Government Accountability Office, the IWG was convened “[i]n early 2009." Gov'r
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014) at 6, available at hitp://www.gao.gov/assets/670/665015 pdf.
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E
Administrator McCarthy

July 21, 2015
Page 3 of 3

Thank you for your prompt attention to this matter. If you have any questions with this
request, please contact the Senate Committee on Environment and Public Works at (202) 224-

6176,
Sincerely,
T
" James M. Inhofe David Vitter
Chairman .S, enatm‘

Roy Bluni,
U.S. Senator

V) QM&‘

waoqzman Deb Fischer
U.S. Senator 1J.8. Senator

Shelley Mo Capito . Bill Cassidy
UJ.S. Senator U.S. Senator

AamesTankford M. MichacliRounds
Uﬂ;ﬁ}:ﬁﬁtm U.8. Senator
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Wnited States Senate

COMBMITTEE ON ENVIRONMENT AND PUBLICWORKS
WASHINGTON, DU 20670-8175

July 21,2015

The Honorable Gina McCarthy
Administrator

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW
Washington, D.C. 20460

Dear Administrator McCarthy:

We write in regards to heightened Congressional concerns with the Obama
Administration’s lack of transparency and accountability in developing and updating the social
cost of carbon (SCC) estimates. As you are aware, the SCC is a complex figure developed by a
clandestine Interagency Working Group (IWG) and cited by the Administration as the presumed
cost of a ton of carbon dioxide. On July 2, 2015, the Administration released a technical update
to the SCC and a response to 150 substantive public comments submitted on the eqtzmates
Despite the IWG spending over a year and four months reviewing these comments,” the SCC
update reflected a mere $1.00 difference in the SCC estimates and provided superficial responses
to public comments. Such a delayed and lax response is wholly inadequate and only
compounded by the fact the Administration has obstinately withheld basic information about the
IWG from Congress and the public,

In light of the far-reaching application of the SCC to federal regulations, guidance
documents, permitting decisions, and even grants applications, Congressional oversight of the
SCC is ever more 1mportant As of July 13, 201 5 the SCC has been cited in 114 proposed or
final rules across six federal agencies and offices.” The Environmental Protection Agency (EPA)
is one of the primary users of the SCC in its regulatory analyses. It is the linchpin of all the
Agency’s purported climate benefits wen though the SCC is based on global benefits while the
costs are borne solely by Americans.* Critically, despite the veil of the IWG and the

'"Response to Comments: Social Cost of Carbon for Regulatory Impact Analysis Under Executive Order 12866.

Interagency Working Group on Social Cost of Carbon, United States Government, July 2015, available at

hm;gq Hwww whitehouse. gov/sites/default/files/omb/inforeg/sce-response-to-comments-final-july-2015.pdf
* Comment period ended February 26, 2014. See Technical Support Document: Technical Update of the Social Cost

of Carbon for Regulatory Impact Analysis Under Exec. Order No. 12866, Notice of extension of public comment

period, 79 Fed: Reg. 4359 (Jan: 27, 2014), availuble at http://www.epo.gov/fdsys/pke/FR-2014-01:27/pd /20 14-

01605 pdf,

? See

http:/fwww.regulations.gov/#! searchResults:rpp=25:po=0:5=%2 522s0¢ial%2 52 Bcost%2 52 Bof%2 52 Bearbon%2522;

dkt=R:det=PR%252BFR (last visited July 14, 2015).
* Carbon Pollution Emission Guidelines for Exxstmg Stationary Sources: Electric Utility Generating Units, 79 Fed.
Reg. 34830 (June 18, 2014), available at http://www.gpo.gov/fdsys/pke/FR-2014-06-18/pdf/2014-13726.pdf.

PR DN BECY LD BAMER
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Administrator McCarthy
July 21, 2015
Page 2 of 3

Administration’s resistance to SCC transparency, we have learned that the EPA, in fact, was
responsible for calculating the SCC estimates.” The Agency has further explained that “EPA
staff from the Office of Policy (OP) and Office of Aw and Radiation (OAR) provided technical
expertise to the broader SCC workgroup as needed. "5 We hzwc also identified several former or
current EPA officials who directly participated in the IWG.” Accordingly, as an integral
participant in the IWG, we are requesting corresponding documents directly from the EPA.

Congress’s oversight interest in the SCC is well established. Since the May 2013 SCC
update, nearly a dozen Congressional requests have been sent to the EPA, the Office of
Information and Regulatory Affairs (OIRA), or other agencies and offices seeking information
on the SCC. Most recently, on March 9, 2015, we sent OIRA a letter asking about the IWG’s

role and status in reviewing publm comments, participants of the IWG, and mformatwn
regarding the process used to review and potentially update the SCC estimates.® However,
OIRA’s response was insufficient, failed to provide specific information requested such as
details regarding IWG Earticipants or specifics about the review process, and outright ignored the
request for documents.” OIRA instead provided generic information, most of which was already
available on OIRA’s website and included in the SCC technical support document.
Congressional requests for information on the SCC during the 113th Congress yielded similarly
ambiguous answers from the Administration.

In order for Congress to fully understand the development of and updates to the SCC, we
request that EPA please provide, by no later than August 11, 2015, all documents and
communications referring or relating to the “social cost of carbon™ or the “SCC” from January
20, 2009,,‘9 to present.

S “EPA officials—sometimes with the assistance of the model developers—calculated the estimates.” GOV’T
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014), available at hitp://www.gao.gov/assets/670/665013.pdf.

* Nominations of Janet G. McCabe to be the Assistant Administrator for Air and Radiation of the U.S.
Environmental Protection Agency, Ann E, Dunkinto be the Assistant Administrator for Environmental Information
of the U.S. Environmental Protection Agency, avid Manuel H.Ehrlich, J¥., to be a Member of the Chemical Safety
and Hazard Investigation Board: Hearing Before the S. Comm.-on Env't & Pub, Works, 113th Cong (Apr. 8,2014)
(J anet McCabe Response to Questions Submitted for the Record by Senator Vitter) (on file with Committee).

" For example, “[a]ll the authors actively participated in the interagency SCC discussion.” Charles Griffiths,
Elizabeth Kc;pus Alex Marten, Chris Moore, Steve Newbold & Ann Wolverton, Estimating the “Social Cost of
Carbon” for Regulatory Impact Analysis, RESOURCES FOR THE FUTURE (Nov. 8, 2010),
htpy//www.rfforg/Publications/WPC/Pages/Estimating-the-Social-Cost-of- Carbon-for-Regulatory-Impact-
Analysis.aspx.
¥ Letter from Senator James Inhofe and Republican Senators to Howard Shelanski, Administrator, Office of
Information and Regulatory Affairs (Mar. 9, 2015), available at hitp://www.epw senate.gov/public/index.clin/press-
releases-republican?1D=FCIF49F-92DA- [4BE-B 1 74-0E64E249F248.
¥ Letter from Howard Shelanski to Senator James Inhofe, Chairman, 8. Comm. on Env’t & Public Works (Apr. 06,
2015) (on file'with Committee).

' According to the Government Accountability Office, the IWG was convened “[i]n early 2009." Gov'r
ACCOUNTABILITY OFFICE, REGULATORY IMPACT ANALYSIS: DEVELOPMENT OF SOCIAL COST OF CARBON
ESTIMATES, GAO-14-663 (July 2014) at 6, available at hitp://www.gao.gov/assets/670/665015 pdf.
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Administrator McCarthy

July 21, 2015
Page 3 of 3

Thank you for your prompt attention to this matter. If you have any questions with this
request, please contact the Senate Committee on Environment and Public Works at (202) 224-

6176,
Sincerely,
T
" James M. Inhofe David Vitter
Chairman .S, enatm‘

Roy Bluni,
U.S. Senator

V) QM&‘

waoqzman Deb Fischer
U.S. Senator 1J.8. Senator

Shelley Mo Capito . Bill Cassidy
UJ.S. Senator U.S. Senator

AamesTankford M. MichacliRounds
Uﬂ;ﬁ}:ﬁﬁtm U.8. Senator
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Glossary of Terms

This glossary briefly defines key terms used throughout the white papers and memos. Economic terms
that are common to the discipline are not included (e.g., equivalent variation, economic welfare,
opportunity cost, willingness-to-pay, etc.) Included terms are defined based on the way in which they
are typically used by the EPA (for instance, as defined by the Clean Air Act, by the Office of Management
and Budget, or in EPA’s Guidelines for Preparing Economic Analyses).

Area source: Sources that emit less than 10 tons per year of a single air toxic, or less than 25 tons per
year of a combination of air toxics. Though emissions from individual area sources are often relatively
small, collectively their emissions can be of concern, particularly where large numbers of sources are
located in heavily populated areas.

Benefits: Favorable effects society gains due to a policy or action. Economists define benefits by
focusing on changes in individual well-being (i.e., welfare or utility). Willingness to pay (WTP) is the
preferred measure of these changes as it theoretically provides a full accounting of individual
preferences across trade-offs between income and the favorable effects.

Benefit-cost analysis: Evaluates the favorable effects of policy actions and the associated opportunity
costs of those actions. It answers the question of whether the benefits are sufficient for the gainers to
potentially compensate the losers, leaving everyone at least as well off as before the policy. The
calculation of net benefits helps ascertain the economic efficiency of a regulation.

BenMAP: The Environmental Benefits Mapping and Analysis Program (BenMAP) is a software package
containing a library of concentration—response relationships, population data, baseline incidence rates,
and valuation functions. It quantifies and values the PM2.5 and ozone health impacts from air quality
scenarios.

Compliance costs: Costs firms incur to reduce or prevent pollution in order to comply with the
regulation; the two main components are capital costs and operating costs. Capital costs are often one-
time costs related to the installation or retrofit of structures or equipment to reduce emissions;
operating costs are reoccurring annual expenditures associated with the operation and maintenance of
the equipment.

Computable general equilibrium model: Take into account microeconomic behavior of consumers and
firms to simulate the workings of a market economy and can include representations of the distortions
caused by taxes and regulations. They are used to calculate a set of price and quantity variables that will
return the simulated economy to equilibrium after the imposition of a regulation.

Criteria air pollutants: The Clean Air Act requires EPA to set National Ambient Air Quality Standards for
six common air pollutants (ground-level ozone, particulate matter, carbon dioxide, nitrogen oxides,
sulfur dioxide, and lead). EPA calls these pollutants "criteria" air pollutants because it regulates them by
developing human health-based and/or environmentally-based criteria (science-based guidelines) for
setting permissible levels.
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Damage-function approach: Method for estimating benefits, where changes in individual endpoints
(specific effects that can be associated with changes in air quality) are estimated and dollar values
reflective of households’ willingness to pay (WTP) are assigned to those changes. Total benefits are then
calculated as the sum of the benefit estimates for all non-overlapping endpoints.

Direct costs: Costs that fall directly on regulated entities as a result of the regulation (often synonymous
with compliance costs).

Economic impact analysis: Examines the distribution of monetized effects of a policy — both costs and
benefits - such as changes in industry profitability or government revenues, as well as non-monetized
effects, such as changes in employment or numbers of plant closures.

Economically significant regulation: A proposed or final regulation with an annual cost or benefit of
$100 million or more.

Economy-wide modeling: A comprehensive economic framework that attempts to simulate effects of a
policy shock throughout the entire economy.

Feedback effects: When changes in other sectors feedback to the regulated sector and cause additional
behavioral effects (e.g., requirements to install a scrubber could drive up the price of scrubbers which
then, in turn, increases compliance costs in the regulated sector).

General equilibrium model: Built around the assumption that for some discrete period of time, an
economy can be characterized by a set of equilibrium conditions in which supply equals demand in all
markets. When the imposition of a regulation alters conditions in one market, a general equilibrium
model will determine a new set of prices for all markets that will return the economy to equilibrium.

Hard linkage: Implies the complete integration of a CGE and detailed sector model within one consistent
framework.

Hazardous air pollutants: Pollutants that cause or may cause cancer or other serious health effects,
such as reproductive effects or birth defects, or adverse environmental and ecological effects. EPA is
required to control 187 hazardous air pollutants. Examples include benzene, perchlorethlyene, and
methylene chloride. Hazardous air pollutants are also known as toxic air pollutants or air toxics.

Health impact function: A mapping of ambient pollution concentrations in the atmosphere to health
outcomes, sometimes referred to as health endpoints.

Health state dependence: The case where a consumer’s health affects their marginal utility of non-

medical consumption, where negative (positive) state dependence is the specific case in which the
marginal utility of non-medical consumption decreases (increases).
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Indirect costs: Costs incurred in related markets or experienced by consumers or government not under
the direct scope of the regulation; often transmitted through changes in prices of the goods or services
produced in the regulated sector.

Interaction effects: How changes in prices or quantities in one sector interact with other sectors to
cause effects in other markets.

Major source: Sources that emit 10 tons per year of any listed toxic air pollutant or 25 tons per year of a
mixture of air toxics. These sources may release air toxics from equipment leaks, when materials are
transferred from one location to another, or during discharge through emission stacks or vents.

Mobile sources: Pollution sources that move. Air pollution in the United States comes from many types
of engines, industries, and commercial operations. These sources include vehicles, engines, and
motorized equipment that produce exhaust and evaporative emissions.

Optimization: Consumers are assumed to maximize utility and firms maximize profits or minimize costs
subject to resource constraints, preferences, and production possibilities. Pareto efficiency or Pareto
optimality is when resources are distributed in such a way that it is impossible to make any one
individual better off without making at least one individual worse off.

Partial equilibrium model: A quantitative method or model that assesses the impact of an economic or
policy shock affecting one or more interconnected markets, assuming the rest of the economy remains
fixed (ceteris-paribus condition). Typically captures supply and demand responses in the regulated
sector; may be extended to consider a small number of related sectors (e.g., that supply intermediate
goods to the regulated sector, or markets for substitute or complimentary products).

Point source: Point source emissions are generated from stack emissions. The major point source
emissions categories are power plants, industrial boilers, petroleum refineries, industrial surface
coatings and chemical manufacturing industries.

PopSim: A dynamic population simulation model that forecasts the U.S. population by age group and
gender.

Reduced-form model: Used to characterize data under a priori assumptions. The reduced form of a
system of equations is the result of solving the system for the endogenous variables as a function of the
exogenous variables, if any.

Social cost: The total burden that a regulation will impose on the economy. It is defined as the sum of all
opportunity costs incurred as a result of a regulation, where an opportunity cost is the value lost to
society of all the goods and services that will not be produced and consumed in the presence of
regulation as resources are reallocated towards pollution abatement.
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Soft linkage: Typically refers to the passing of information between existing top-down and bottom-up
models that have been independently developed where the models stay completely separate.
Information flows between models may be one-way or two-way, but is never completely integrated.

Structural model: A model that explicitly specifies underlying preferences, production, and resource
allocation in ways that are consistent with economic theory.

Stationary source: A non-mobile pollution source. Examples include power plants, factories, and
manufacturing processes.

Transitional costs: Short term costs incurred only during the time period when the economy is still
adjusting to a new equilibrium

Value of statistical life (VSL): A summary measure for the dollar value of small changes in mortality risk

experienced by a large number of people. For example, if 10,000 individuals are each willing to pay $500
for a reduction in risk of 1/10,000, then the value of saving one statistical life equals $500 times 10,000.
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Chapter 7

heaim of an economic benefitsanalysis is to estimate the benefits, in monetary
terms, of proposed policy changes in order to inform decision making.
| Estimating benefits in monetary termsallows the comparison of different types
of benefits in thesame units, and it aliows the calcuiation of net benefits— the
l sum of all monetized benefits minus the sum of all monetized costs—so that
proposed policy changes can be compared to each other and to the baseline scenario.

Thediscussion in this chapter focuses on methods and approaches available to monetize
benefits in the context of a “typical” EPA policy, program, or regulation that reduces
emissions or discharges of contaminants. This is not to say that those benefits that cannot
be monetized due to lack of available values or quantification methodsare not important.
Chapter 11 on the “Presentation of Analysisand Results” discusses how to carry forward
information on non-monetized benefits to help inform the policy-making process. In
addition, this chapter includesa discussion of several alternatives to monetization that

may add some context to this category of benefits. The general monetization methodsand
principles discussed here should apply to other types of EPA policesaswell, such as those that
provide regulatory relief, encourage reuse of remediated land, or provide information to the
public to help people avoid environmental risks!

7.1 The Benefits Ideally, each effect will be messured onceand only
Analysis Process once. Techniques intended to bringadditional
|deally, benefits analyses would consist of effects into theanalysis may run the risk of double
comprehensive assessments of all environmental oounting effects already messured. For example,
effectsattributable to the rule in question. stated preference methods may be the only way to
However, it isseldom paossible to analyze all effects meesure non-use values, but they may double count
simultaneously in an integrated fashion. In most use values already reflected in hedonic or travel cost
cases, analysts will need to address each effect analyses. Therefore, theanalyst should be careful in
individually, and then aggregate the individual interpreting and combining the results of different

values to generate an estimate of the total benefits methods.
of apolicy. A constant challenge in employingan

effect-by-effect approach is to balance potential Thereare of course exceptions to this “effect-by-
trade-offs between inclusion and redundancy. effect” approach to benefitsanalysis (eg., efforts

to estimate thesocial benefits of reducing CO,
1 Other methods, such as cost-effectiveness aralysis (CEA), can also be emissions —see Text Box 7.1), but the remainder of

used to evaluate policies. CBA does not require monetization of berefits bt the djiscussion below is framed with this approach
rather divides the costs of a policy by a particular effect (e.g., number of

lives saved). CEA can be used to compare proposed policy chenges onan in mind.
effect-by-effect besis, but, unlike BCA, cannot be used fo calculate a single,

comprehensive measure of the net effects of a policy, nor can it compare . o
roposed policy fo the siatus quo. Other for exaluating A second challenge analysts often face is the difficulty

policies (e.g., distributional analyses) are covered in Chapter 10. of conducting original valuation research in support
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Text Box 7.1 - Estimating Benefits from Reducing Carbon Dioxide
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of specific policy actions. Because budgetary and
time constraints often make performing original
research infessible, analysts regularly need to draw
upon existing value estimates for use in benefits
analysis. The process of applying values estimated
in previous studies to new policy ceses is called
benefit transfer. The benefit transfer method is
discussed in detail in Section 7.4, but much of this
chapter iswritten with benefit transfer inmind. In
particular, the descriptions of revealed and stated
preference valuation methods in Sections 7.3.1and
7.3.2 include recommendations for evaluating the
quality and suitability of published studies for use
in benefit transfer.

A general “effect-by-effect” approach to
benefits analysis

Thisapproach consists of separately evaluating the
major effects of agiven policy, and then summing
these individual estimates to arriveat an overall
estimate of total benefits. Theeffect-by-effect
approach for benefitsanalysis requires three
fundamental steps:

1. tdentify benefit categories potentially
affected by the policies under corsideratiorn;

2. Quuantify significant endpoints to theexdent
pessible by working with menegers, risk
amessors, ecologists, physical scientists, and
other experts; and

3. Estimate the values of these effects using
appropriate valuation methods for new
studies or existing value estimates from
previous stuclies that focus on thesarme or
sufficiently similar endpoints.

Each step in this gpproach is discussed in more
detail below. Analystsalso should consider
whether thisgeneral framework isappropriate
for assessing aspecific policy or whether amore
integrated approach that incorporatesall of the
relevant effects simultaneously can be applied.
When applying the effect-by-effect approech it is
important toavoid double counting benefitsacross
effects s much as possible. Collaboration with
appropriate experts will be necessary to execute
these steps meaningfully.

Guicklines for Preparing Econamic Analyses | December 2010
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Step1: ldentify potentially affected

benefit categories

Thefirst step inabenefitsanalysis is to determine
the types of benefits associated with the policy
options under consideration. More information on
benefits categories can be found in Section 7.2. To
identify benefit categories, analysts should, to the
extent fessible:

Develop an initial understanding of policy
options of interest by working with other analysts
and policy makers. Initially, the range of options
considered may be very broad. Resources should
be focused on benefit categories that are likely to
influence policy decisions. Collaboration between
all parties involved in the policy analysis can help
ensure that all potential effects are recognized and
that the necessary and appropriate information
and endpointsare collected and evaluated at eech
step in the process. Analystsshould take care to
think through potential sscondary or indirect
effects of the policy optionsaswell, as these may
prove to be important.

Research the physical effectsof the pollutants on
humen health and theenvironment by reviewing
the literature and consulting with other experts.
Thisstep requires considering the transport of the
pollutants through theenvironmentalonga variety
of pathways, including movement through theair,
surface water, and groundwater, deposition in soils,
and ingestion or uptake by plantsand animals
(including humans). Along these pathways, the
pollutants can have detrimental effects on natural
resouross, such as affecting oxygen availability in
surface water or reducing crop yields. Pollutants
can also have direct or indirect effects on human
health, for example affecting cancer incidence
through direct inhalation or through ingestion of
contaminated food.

Consider the potential change in these effects
asaresult of eech policy option. If policy options
differ only in their level of stringency theneach
option may havean impact on all identified
physical effects. In other cases, however, some
effects may be reduced while othersare incressed
or remain unchanged. Evaluating how physical
effects change under each policy option requires
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evaluation of how the pathways differ in the “post-

policy” world.

Determine which benefit categories to include
in the overall benefitsanalysis using at lesst the
following three criteria:

1. Which berefit categories are likely to
differ acrcss policy options, including the
beeeline option? Analystsshould conduct an
apsessment of how the physical effects of
policy option will differ and howeach physical
effect will impect each benefit category.

2. Which benefit categories are likely to
account for the bulk of the total benefits of
the policy? The cutoff point hereshould be
besed on an assessment of the megnitude
and precision of the estimates of each benefit
category, the total social costs of each policy
option, and the costs of gathering further
information on esch benefit category. A
benefit category should not be includead
if the cost of gathering the informetion
recessary to include it is greater than the
expected incresse in the value of the policy
owing to its inclusion. Theanalyst should
make these preliminary esssssments using
the best quantitative information that is
regclily evailable, but esa practical matter
these decisions may often have to be based on
professional judgments.

Which benefit categories are especially
salient to particular stakeholders? Monetized
berefits in this category are not necessarily
largeand so may not be captured by the first
two criteria?

[or

Theoutcome of this initial step in the benefits
analysis can be summarized inalist or matrix that
describes the physical effects of the pollutant(s),
identifies the benefit categories associated with
theseeffects, and identifies the effects that warrant
further investigation.

Thelist of physical effects under each benefit
category may be lengthy at first, encompassingall
of those that reasonably can be associated with

2 This third criterion relates to distributional considerations defailed in
Chepter 10.

the policy options under consideration. Analysts
should preserveand refine this list of physical
effectsas the analysis prooeeds. Maintaining the
full list of potential effects — even though the
quantitativeanalysiswill (at lesst initially) focus
onasub-set of them — will allow essy revision of
theanalysis plan if new information warrants it.

EPA hes developed extensive guidance on the
assessment of human health and ecological risks,
andanalystsshould refer to those documents

and the offices responsible for their production
and implementation for further information

(U.S. EPA 2009a). No specific guidance exists for
assessing changes in amenities or material dameages.
Analysts should consult relevant expertsand
existing literature to determine the “best practioss”
appropriate for these categories of benefits

Step 2: Quantify significant endpoints
Thesecondstep is to quantify the physical
endpoints related to each category, focusingon
changes attributable to each policy option relative
to the beseline. Dataare usually needed on the
extent, timing, and severity of theendpoints. For
example, if the risk of lung cancer isan endpoint of
concern, required information will usually include
the change in risk associated with each option, the
timing of the risk changes, the age distribution of
affected populations, and fatality rates. If visibility
is theattribute of congern, required information
will usually include the geographical aress affected
and the change in visibility resulting fromeach
policy option.

Analysts should keep the following issues in mind
while quantifyingsignificant physical effects.

Work closely with analysts in other fields.
Estimating physical effects is largely, but not
completely, the domain of other experts, including
human health and ecological risk assessorsand
other natural scientists. Theseexperts generally
are responsible for evaluating the likely transport
of the pollutant through theenvironment and its
potential effects on humans, ecological systems,
and menufactured materials.
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The principal role of theeconomist at thisstageis  capture the full range of a policy’s benefits. Text
toensure that the information provided isuseful ~ Box 7.2 provides examples and a more detailed
for thesubsequent economic valuation models discussion.

that may be used later in the benefitsanalysis. The

analyst should give special care to ensuring that Another important role for economistsat this
the endpoints evaluated are appropriate for use stage is to provide insights, information, and

in benefits estimation. Effects that are described  analysis on behavioral changes that can affect the
too broadly or that cannot be linked to human results of the risk assessment as needed. Changes
well-being limit the ability of the analysis to in behavior due to changes in environmental
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quality (eg., staying indoors to avoid detrimental
effects of air pollution) can besignificant and care
should be taken to account for such responsssin
risk asssssmentsand benefit estimations.

Step 3: Estimate the values of the effects
The next step is to estimate willingness to

pay (WTP) of all affected individuals for the
quantified benefits in each benefit category, and
then to aggregate these to estimate the total

social benefits of each policy option. Typically,

a representative agent approach is used when
derivingestimates of benefits. Theanalyst
calculates WTP foran “average” individual ina
sample of people from the relevant population and
then multiply that average value by the number

of individuals in theexposed population to derive
an estimate of total benefits. As discussed earlier,
markets do not exist for many of the types of
benefitsexpected to result fromenvironmental
regulations. Details on the economic valuation
methodssuitable for thisstep and examples of how
they can beapplied can be found in Section 7.3. In
applying these methods, analysts should:

Consider using multiple valuation methods
when possible. Different methods often address
different subsets of total benefitsand the use

of multiple methodsallows for comparison of
alternative meesures of value when gpplied to the
same category of benefits. Doublecounting isa
significant concern when applying more than one
method. Any potential overlap should be noted
when presenting the results. The discussion of
benefit transfer in Section 7.4 describes many of
the issues involved in applying value estimates
from previous studies to new policy casss,
including various meta-analysis techniques for
combining estimates from multiple studies.

Describe the source of estimates and confidence
in those sources. Valuation estimates always
contain a degree of uncertainty. Using them
inacontext other than the one in which they

were initially estimated can only increase that
uncertainty. If meny high-quality studies of the
sameeffect have produced comparable values,
analysts can have more confidence in using these

estimates in their benefits calculations. In other
cases, analysts may have only asingle study, or even
no directly comparablestudy, to draw from. Inall
cases, the benefitsanalysis should clearly describe
the sources of the value estimates used and provide
aqualitative discussion of the reliability of those
souraes. Theanalyst should includea quantitative
uncertainty assessment when possible. Guiding
principles for presenting uncertainty are addressed
in Chepter 11.

7.2 Economic Value and Types
of Benefits

Economic valuation is besed on the traditional
economic theory of human behavior and
preferences, which centers on the conaept of
“utility” (or “satisfaction” or “welfare”) that people
realize from goods and services, both market and
non-market. Different levelsand combinations

of goodsand services afford different levels of
utility for any one person. Because different people
have different preferences, different sets of goods
and services will appeal more or less to different
people. Utility is inherently subjectiveand cannot
be messured directly. Therefore, in order togive
“value” an operational definition it must be
expressed in aquantifiablemetric. Money generally
is used as the metric, but this choice for the unit

of account has no special theoretical significance.
Onecould use “gpples,” “bananas,” or anythingelse
that iswidely valued and consumed by individuals.
The crucial assumption is that a person could

be compensated for the |oss of some additional
quantity of any good by some quantity of another
good that isselected as the metric. Table 7.1
summarizes the types of benefits associated with
environmental protection policiesand provides
examples of each of the benefits types, aswell s
valuation methods commonly used to monetize
the benefits for each type.

When goods and services are bought and

sold in competitive markets, the ratio of the
marginal utility (the utility afforded by the last
unit purchased) of any two goods that a person
consumes must beequal to the ratio of the prices
of those goods. If it were otherwise, that person
oould reallocate her budget to buy a little more
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Figure 7.1 - Benefits of an Environmental
Improvement

= Emissions

of onegood andallittle less of the other good to
achieveahigher level of utility. Thus, market prices
can be used to measure the value of market goods
and services directly. A prectical rationale for using
money as the metric for non-market valuation is
that money is the principal medium of exchange
for the wide variety of market goodsand servioes
among which people choose on a daily besis.

The benefits of an environmental improvement
areshown graphically in Figure 7.1. Reducing
emissions frome, to e, produces benefitsequal to
theshaded area under the marginal dameges (MD)
curve. Many environmental goodsand services,
such asair quality and biological diversity, are

not traded in markets. The challenge of valuing
non-market goods that do not have pricss is to
relate them to one or more market goods that do.
This can be doneeither by determining how the
non-market good contributes to the production of
one or more market goods (often in combination
with other market good inputs), or by observing
the trade-offs people make between non-market
goodsand market goods. One way or another, this
is what each of the revealed and stated preference
valuation methods discussed in Section 7.3 is
designed to do. Of course, some methods will be
moresuitable than others in any particular case for
avariety of reasons, and some will be better able

to capture certain types of benefits than others.

In principle, though, they areall different ways

of messuring thesame thing, which is the total
amount of money required to mekeall individuals
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indifferent between the beselineand policy
sgenarics.

Theeconomic valuation of an environmental
improvement is the dollar value of the private
goodsand services that individuals would

be willing to trade for the improvement at
prevailing market prices. The willingness to

trade compensation for goods or services can

be measured either as willingness topay (WTP)

or willingness toaaept (WTA). WTP isthe
meaximum amount of money an individual would
voluntarily pay to obtainan improvement. WTA
is the lesst amount of money an individual would
acoept to forego the improvement ® The key
theoretical distinction between WTPand WTA
is their respective reference utility levels. For
environmental improverments, WTP uses the level
of utility without the improvement as the reference
point while WT A uses the level of utility with

the improvement as the reference point. Because
of their different reference points, one relevant
factor to consider when deciding whether WTP or
WTA is theappropriate value messure touse ina
BCA is the property rights for theenvironmental
resource(s) in question. WTP is consistent with
individuals or firms having rights to pollute

and theaffected parties needing to pay them to
desist. WTA isconsistent with individuals being
entitled toaclean environment and needing to be
compensated for any infringements of that right
(Freeman 2003).

Economists generally expect that the difference
between WTPand WTA will besmall, provided
theamounts in question area relatively small
proportion of incomeand thegoods in question
are not without substitutes, either market or non-
market. However, there may be instances in which
incomeand substitution effectsare important.* To
simplify the presentation, the term WTP isused
throughout the remainder of this chapter to refer

3 Forsimplicity, the discussion in this section is restricted to the case
of environmental improvements, but similar definitions hold for
environmental damages. For a more detailed treatrment of WTPand
WTAand the closely related concepts of compensating veriation
equivalent variation, and Hicksian and Marshallian consumer surplus
see Hanley and Spesh (1993), Freeman (2003), Just et al. (2005), and
Appendix A of these Guicklines.

4 For more information see Appendix A and Hanemenn (1991).
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to the underlyingeconomic principles behind
both WTAand WTP, but theanalyst should
kesp the potential differencss between the two
messures in mind.

Based on the connection to individual welfare just
described, estimates of VW TP are nesded for the
Kaldorand Hicks potential compensation tests that
form thebesisof BCA (Boadwayand Bruce 1984,
Justetal. 1982, and Freemen 2003). Tocarry out these
tests sum the WTP forall affected individualsand
compere thesummed WTPvalue to theestimated
aosts of the proposed policy. Becaussenvironmental
policy typically deals with improverments rather then
celiberate degradiation of theenvironment, WTPis
cererally the relevant messure.®

The types of benefits that may arise from
environmental policies can be classified in multiple
ways (Freeman 2003). Asshown in Teble 7.1,
these Guicklines categorize benefitsas human
health improvements, ecological improvements,
and other types of benefits, including aesthetic
improvementsand reduced materials dameges,
and list commonly used valuation methods for
reference. The list is not meant to beexhaustive,
but rather to provide examplesand commonly
used methods for estimating values® Thesections
below providea more detailed discussion of each
of the benefit categories listed in Table 7.1.

7.2.1 Human Health Improvements
Humean health improvements from environmental
policies include effects such as reduced mortality
rates, decreased incidence of non-fatal cancers,
chronic conditionsand other illnessss, and
reduced adverse reproductive or developmental
effects. While the most appropriate approach to
valuation would consider mortality and morbidity
together, in practice theseeffectsare typically
valued separately, and are therefore discussed
separately in these Guicklines

5 See Section A3 of Appendix A for further explanation of Kaldor-Hicks
conditions.

6 Invery rare cases with employment implications for the structurally
unemployed, analysts may need to include job creation as a benefits
category. See Appendix C for more detail.

7.2.1.1 Mortality

Some EPA policies will lead to decreases in human
mortality risks due to potentially fatal health
conditionssuch as cancers. In considering the
impact of environmental policy on mortality, it

is important to remember that environmental
policies do not assure that particular individuals
will not die of environmental causes. Rather, they
lead tosmall changes in the probeability of death
for many people.

EPA currently recommends a default central
“value of statistical life” (VSL) of $7.9 million
(in 2008 dollars) to value reduced mortality
for all programsand policies.” Thisvalue is
besed onadistribution fitted to 26 published
VSL estimates. Thedistribution itself can be used
in uncertainty analysis. The underlyingstudies,
the distribution parameters, and other useful
information areavailable in Appendix B.

Asageneral matter, theimpact of risk and
population characteristics should be addressed
qualitatively. Insome cases, the analysis may
includeaquantitativesensitivity analysis. Analysts
should account for latency and cessation lag

when valuing reduced mortality risks, and should
discount appropriately.

Valuing mortality risk changes in children is
perticularly challenging. EPA's Hanabook for
Valuing Children’s Health Risks (2003b) provides
some information on this topic, including key
benefit transfer issues when usingadult-besed
studies. Circular A-4 also recognizes thissubject,
specifically advising: “For rules where health gains
areexpected among both childrenand adultsand
you decide to performaBCA, the monetary values
for children should beat lesst as largeas the values
for adults (for thesame probebilitiesand outocomes)
unless there isspecificand compellingevidence to
suggest otherwise” (OMB 2003). OMB guidance
applies to risk of mortality and of morbidity.

7 This value is adjusted from the base value reported in U.S. EPA 2000d
($4.8 million in 1990 dollars) using the Consumer Price Index (CPY).
The velue is not adjusted for income growth over time.
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Table 7.1 - Types of Benefits Associated With Environmental Policies:
Categories, Examples, and Common

Chapter 7 Analyzing Benefits

ly Used Valuation Methods

Mortality risk reductions Reduoed risk of Averting behaviors
Canoer fatality Hedonics
Acute faiglity Stated preference
Morbidiity risk reductions Reduoed risk of Averting behaviors

Fiber
Timber
Recregtion activities and aesthetics Wildlife viewing Production function
Fishing Awverting behaviors
Boating Hedonics
Swimming Recreation demend
Hiking Stated preference
Scenic views
Valued ecosystem functions Climate moderation Production function
Flood mopderation Awverting behaviors
Goundweter recharge Stated preference
Sediment trapping
Soil retention
Nutrient cycling
Pollination by wild species
Biodiversity, geretic library
Water filtration
Soil fertilization
Pest control
Non-use values Relevant species populations, Stated preference
communities, or ecosystams
Aesthetic improvements Visibility Averting behaviors
Teste Hedonics
Odor Stated preference
- Reduoed reterials demeges Reduced soiling Averting behaviors
Reduced corrosion Production / cost functions

Note: “Stated preference” refers toall valuation studies based on hypothetical choices, as distinguished from

“revealed preference,” which refers to valuation studies based on observations of actual choices.
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Methods for valuing mortality risk changes
Because individuals appear to make risk-income
trade-offs inavariety of ways, the value of
mortality risk changes areestimated using three
primary methods. The most commonly used
method is the hedonic wage, or wage-risk, method
in which value is inferred from the income-risk
trade-offs made by workers for on-the-job risks.
Averting behavior studies value risk changes by
examining purchases of goods that can affect
mortality risk (eg., bicycle helmets). Finally,
stated preference studies are incressingly used to
estimate WTP for reduoed mortality risks. Key
considerations in all of these studies include the
extent to which individuals know and understand
the risks involved, and theability of thestudy to
control for aspects of theactual or hypothetical
transaction that are not risk-related. Because the
value of risk reduction may depend on the risk
context (eg., work-related vs. environmental),
results from any singlestudy may not be directly
applicable to a typical environmental policy case.

Thereareadditional methods that can be used to
derive informationon risk trade-offsVan Houtven
etal. (2008) usearisk-risk trade-off model to
examine preferences for avoiding fatal cancers.
Carthyetal. (1999) examine trade-offs between
fatal and non-fatal risks to indirectly estimatea
WTP. Thisapproach may make the task more
managesble for the respondent, but theanalyst
should consider and evaluate the complexity of
theadditional stepsand the indirect nature of the
resulting estimates.

At one time, reduced mortality risk wes valued
under a human capital gpproach that equated the
value of astatistical life with foregoneearnings.
This hes largely been rejected asan inappropriate
meesure of the value of reducing mortality risks
because it is not based on WTP for small risk
reductionsand as such does not capture the value
associated with avoided pain and suffering, dread,
and other risk factors that are thought to affect
value (Viscusi 1993).

Previous studies

While thereare many unresolved issues in

valuing mortality risks, the field is relatively rich
in empirical estimates and several substantial
reviews of the literatureare available. A general
overview of common approachesand issuesin
mortality risk valuation can be found in Hammitt
(2003). Viscusi (1993) and Viscusi and Aldy
(2003) provide detailed reviews of the hedonic
wege literature. Black, Galdo, and Liu (2003)
providea technical review of thestatistical issues
associated with hedonic wage studies. Blomaquist
(2004) providesa review of theaverting behavior
literature. Some key issues related to stated
preferencestudiesare included in Alberini (2004).
Recently, some researchers have begun to use meta-
analysis to combinestudy resultsand examine the
impect of study design. Recent examples include
Viscusi and Aldy (2003), Mrozek and Taylor
(2002), and Kochi et al. (2006). EPA applications
of VSL are numerous, and include the Clean Air
Interstate Rule (CAIR), the Non-Road Diesel
Rule, and the Stage 2 Disinfection By-Products
Rule (DBP).8

Important considerations
Theanalyst should kesp three important
considerations in mind when estimating mortality
benefits:
» Characterizing and messuring mortality
effects;
« Heterogeneity in riskand population
charecteristics; and

« Thetiming of health risk changes.

Characterizing and measuring

mortality effects

Reduced mortality risksare typically messured
in terms of “statistical lives.” This messure isthe

8 Theeconomic analyses for these three rules are available electronically
as follows (acoessed May 23, 2008):

CAR (http:/ Mmw epa.gov/air/interstateairquality/pdfs/finaltech08.pdf;
Non-Roed Diesel (htip:/Aww.epe.gov/nonroed-diesel/2004fr hinr#ia); and

Stage 2 DBP (http:/ mmw.epa.gov/safewater/disinfection/stage2/pdfs/
anaylsis_stage2_ecconomic_main.pdf).
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aggregation of many small risks over an exposed
population. Suppose, for example, that a policy
affects 100,000 peopleand reduces the risk

of premature mortality by one in 10,000 for
eech individual. Summing these individual risk
reductions across theentire affected population
shows that the policy leads to 10 premature
fatalitiesaverted, or 10statistical lives “saved.”

Alternative messures attempt to capture the
remaining lifeexpectancy associated with the risk
reductions. This issometimes referred toas the
“quantity of life” saved (Mooreand Viscusi 1988)
and is typically expressed as “statistical life years”
Lookingagain at the policy described above,
suppose the risks werespread over a population
whereeach individual had 20 years of remaining
lifeexpectancy. The policy would then save 200
statistical life years (10 statistical lives times 20 life
yearseech). In practice, estimating statistical life
yearssaved requires risk information for specific
subpopulations (eg., age groups or health status).
1t is typical to usestatistical life yearssaved in
CEA, but valuingastatistical life year remains
asubject of debate in theeconomics literature.
Theoretical modelsshow that the relationship
between WTPand factorssuch as age, beseline
risk, and the presence of co-morbiditiesis
ambiguous and empirical findings are generally
mixed (U.S. EPA 2006g).

Heterogeneity in risk and

population characteristics

The value of mortality risks can vary both by

risk characteristicsand by the characteristics of
theaffected population. Key risk characteristics
include voluntariness (i.e., whether risksare
voluntarily assumed), timing (immediate or
delayed), risk source (eg., natural vs. man-
made), and the causativeevent (eg., cancer vs.
accidents). Population characteristics include
those generally expected to influence WTP for
any good (eg., inoomeand education) aswell

as those more closely related to mortality risks
such as baseline risk or remaining lifespan, health
status, risk aversion, and familiarity with the type
of risk. Theempirical and theoretical literature
on many of these characteristics is incomplete or
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ambiguous. For example, some studies suggest that
older populationsare willing to pay less for risk
reductions (Jones-Leeet al. 1993), but others find
thiseffect to besmall if it existsat all (Alberini et
al. 2004). Still others suggest older populations
have higher WTP (Kniesner, Viscusi, and Ziliak
2006). Smithetal. (2004) and Viscusi and Aldy
(2007a) discuss the relationship between age

and VSL in the context of hedonic wege studies.
Appendix B containsa more complete discussion
of risk and population characteristicsand how
they may affect WTP.

Timing of health risk changes

Environmental contamination can cause
immediate or delayed health effects. If individuals
typically prefer health improvementsearlier in
time rather than later, all elssequal, then the

WTP for reductions in exposure toenvironmental
pollutants will depend on when the resulting
health risk changes will occur. The description here
focuses on mortality risk, but the same principles
apply to non-fatal health risks.

Theeffects of timing on the present or annualized
value of reduced mortality risk can be considered
in the context of a lifecycle consumption model
with uncertain lifetime (Cropper and Sussman
1990, Cropper and Portney 1990, and U.S. EPA
2007g). In this framework reductions in mortality
risk are represented as ashift in thesurvival curve
— the probebility an individual will survive to

all future ages— which leads to a corresponding
change in lifeexpectancy and future utility.

If the besis for benefit transfer isa marginal

WTP for contemporaneous risk reductions, then
calculating the benefits of a policy with delayed
risk reductions requires threesteps: (1) estimating
the time path of future mortality risk reductions;
(2) estimating theannual WTP inall future
years; and (3) calculating the present value of
thessannual WTPamounts. The first step should
account for all the factors that ultimately relate
changes inexposure to changes in mortality risk as
defined by shifts in thesurvival curve.
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7.2.1.2 Morbidity

Morbidity benefits consist of reductionsin the
risk of non-fatal health effects ranging from mild
illnesses, such as headaches and nauseg, to very
serious il Inesses such as cancer (see Table 7.1).
Non-fatal health effects also include conditions
such as birth defects or low birth weight. Non-
fatal health effects differ with respect to the
availability of existing value estimates. Values for
reducing the risks of some of these health effects
have been estimated multiple times using a variety
of different methods, while others have been the
subject of only a few or no valuation studies.

WTP to reduce the risk of experiencingan illness
is the preferred measure of value for morbidity
effects. As described in Freeman (2003), this
meesure consists of four components:

« “Avertingoosts” to reduce the risk of iliness;

« “Mitigating costs” for treatments such as
medical careand medication;

« Indirect costssuch es lost time from paid
work, maintaining a home, and pursiing
leisureactivities; and

» |essessily messured but equally real costs of
discomfort, anxiety, pain, and suffering.

Methods used to estimate WTP vary in theextent
to which they capture these components. For
example, cost-of-iliness (COI) estimates generally
only capture mitigatingand indirect costs,

and omit avertingexpendituresand lost utility
associated with pain and suffering. ®

Methods for valuing morbidity

Researchers have developed a variety of methods

to value changes in morbidity risks. Some

methods messure the theoretically preferred

value of individual WTP to avoid a health effect.

Otherscan provide useful data, but that data

must be interpreted carefully if it is to inform

9 This iswhy QO estimates generally understate WIP to reduce the
same risk or avoid a given health effect. Some studies have estimeted
thet total VTP can be two fo four times as large as OOl even for minor
acute respiratory illnesses (Alberini and Krupnick 2000). Still, there
is not any broadly applicable “scaling factor” that relates COl to WP
gererally.

economically meaningful messures. Methods
also differ in the perspective from which values
are messured (eg., before or after the incidence
of morbidity), whether they control for the
opportunity to mitigate the iliness (eg., before or
after taking medication) and the degree to which
they account for all of the components of total
WTP. Théhree primary methods most oftenused
to value morbidity in an environmental context
arestated preference (Section 7.3.2), averting
behavior (Section 7.3.1.4), and COI (Section
7.3.1.5). Hedonic methods (Section 7.3.1.3)

are used less frequently to value morbidity from
environmental causes.

Many other approaches do not estimate WTP
and their ability to inform benefitsanalyses
oconsequently varies. Risk-risk trade-offs, for
example, do not directly estimate dollar values

for risk reductions, but rather provide rankings of
relative risks besed on consumer preferencess. Risk-
risk trade-offs can be linked to WTP estimates for
related risks."

Other methodssuffer from certain
methodological limitationsand are therefore
generally less useful for policy analysis. For
example, health-state indices, composite metrics
that combine information on quality and
quantity of life lived under various scenariocs, are
often used for cost-effectiveness or cost-utility
analyses. These methods cannot be directly
related to WTP estimates as the indioes were
developed using very different paradigms than
those for WTP values. Assuch, they should not
be used for deriving monetary estimates for use in
BCA [Hammitt 2003, and Institute of Medicine
(1OM) 20061, although there isevidence that
components of these indices may still be useful

in abenefit-transfer context (Van Houtvenet al.
2006). Another commonly suggested alternative
is jury awards, but these generally should notbe
used in benefits analysis, for reesonsexplained in
Text Box 7.3.

10 EPAanalyses have used risk-risk trade-offs for non-fatal cancers in
conjunction with VSL estimates as one method to assess the benefits
of reduced carcinogens in drinking water (U.S. EPA 2005a).
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Previous studies

A comprehensive summary of existing studies

of morbidity values is beyond the scope of these
Guicklines. Below isashort list of references that
canserveasastarting point for reviewing available
morbidity valueestimates for benefit transfer or
for designinga new study. Some recent estimates
for particular health effects include Hammitt

and Haninger (2007), who examine food-related
ilinesses, and Chestnut et al. (2006), whoexamine
respiratory and cardiovescular effects. Tolleyet al.
(1994) and Johanneson (1995) are useful general
referencess for valuing non-fatal health effects.
BPAs Handbook for Non-Cancer Valuation (U.S.
EPA 2000c) provides published estimates for many
illnessesand reproductive and developmental
effects. Desvousges et al. (1998) assess anumber
of existing studies in the context of performinga
benefit transfer for a benefits analysis of improved
air quality. EPA’s Cost of I1Iness Handbook (U S.
EPA 2007c) includes estimates for many cancers,
developmental illnesses, disabilities, and other
conditions. EPA analyses of regulationsand
policies, including EPA’s two comprehensive
studies of the benefitsand costs of the Clean Air
Act (US.EPA 1997aand U.S. EPA 1999) draw
upon a number of existing studies to obtain values
for reductions of a variety of health effects. These
souraes describe how the central estimates were
derived, and attempt to quantify the uncertainty
associated with using theestimates.

At lesst two meta-analysss have attempted to
examine how the value of non-fatal risk reductions
varies with characteristics of the condition,
theaffected population, and theapproach to
valuation. Vassanadumrongdez et al. (2004) focus
onair pollution-related morbidity risksand posit
ameta-regression based benefit transfer function.
Van Houtven et al. (2006) evaluate more than 230
WTPestimates from 17 stated preferencestudies,
findingevidence that illness severity, messured
systematically, isasignificant factor explaining
variation in WTP. Theauthorsalso illustrate

how ameta-regression-besed function can
facilitate benefit transfer besed on duration and
severity of acute illnesses, along with population
charecteristics. While the specific benefit-transfer
functions in thesearticles might not besuitable for

application in any particular context, theestimates
contained in them can be helpful. Other studies
areavailable through the Environmental Valuation
Reference Inventory (EVRI). EVRI ismaintained
by Environment Canada and contains more than
1,100 studies that can be referenced according to
medium, resource, stressor, method, and country.

Important considerations
Theanalyst should keep two important
considerations in mind when estimating
morbidity benefits:

» Characterizing and messuring morbidity
effects: and
« Incompleteestimates of WTF.

Characterizing and measuring

morbidity effects

The key characteristics that will influence the
values of morbidity effectsare their severity,
frequency, duration, and symptoms. Severity
defines the degree of impairment associated with
the illness. Examples of how researchers have
messured severity include “restricted activity
days,” “bed disability days,” and “lost work

s’ ? Severity can also be described in terms

of health state indices that combine multiple
health dimensions into asingle messure.® For
duration, the primary distinction is between
acuteeffectsand chroniceffects. Acuteeffectsare
discrete episodes usually lasting only a few days,
while chroniceffects last much longer and are
generally associated with long-term illnesses. The

11 See www.evri.ca for more informetion.

12 As Cropper and Freamen (1991) note, these descriptions are
essentially cheracterizations of a behavioral response to the iliness.
Lost workdays, for exemple, in some cases require a decision onan
individual’s part not to go to work due to illness. Such a response may
depend upon various socioeconomic factors as well as the physical
effect of the illness.

13 Thedifference in the indices is intended to reflect the relative difference
in disuitility associated with symptoms or iflnesses. There are serious
questions about the theoretic and empirical consistency befween
these “health-related quality of life” index values andWTP measures
for improved health outcomes (Harmmitt 2002). Sill the inclusion of
some aspects of these indices may prove useful in valuation studies
(Ven Houtven et al. 2006). Exemples of economic analyses that have
employed some form of health state index include Desvousges et al.
(1998) and Megat et al. (1996).
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frequency of effects also can vary widely across
illnesses. Some effects are one-timeevents that are
unlikely to recur, such asagestrointestinal illness.
Other effects, such asasthma, do recur or can be
aggravated regularly, causing disruptions in work,
school, or recreational activities.

For chronic conditions or moreserious
outcomes, morbidity effects are usually measured
in terms of the number of expected cases of a
particular illness. Given the risks faced by each
individual and the number of people exposed

to this risk, an estimate of “statistical casss” can
be defined analogously to “statistical lives.” In
contrast, morbidity effects that are considered
acute or mild in nature can be estimated es

the expected number of timesa particular
symptom associated with an illness occurs. These
estimates of “symptom days” may be used in
benefits analysis when appropriate estimates of
economic value are available, although a richer
characterization of combinations of symptoms,
severity, duration, and episode frequency would
be an improvement over much of theexisting
literature. Some studies have attempted to deal
with these complexities in amoresystematic
meanner, but the results have not yet been widely
applied and interpreted for policy analysis
(Cameron and DeShazo 2008). (Refer to Section
7.3.1.5and Text Box 7.3 on theuse of COI
versus WTP messures of value.)

Incomplete estimates of WTF

The widespread availability of health insurance
and paidsick leave shift some of the costs of illness
from individuals to others. While this cost-shifting
can beaddressed explicitly in COl studies, it

may lead to problems in estimating total WTP.

If the researcher does not adequately address

these concerns, individuals may understate their
WTP, assuming that some related costs would be
borne by others. However, to theextent that these
costs represent diversions from other usssin the
economy, they represent real costs to society and
should beaccounted for in theanalysis.

More information on theseand other issues to
consider when conducting or evaluating morbidity
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valuestudies is provided in EPA’s Hanadbook for
Non-Cancer Health Effects Valuation (U S. EPA
2000c).

7.2.2 Ecological Benefits

Inaddition to humen health benefits, many

EPA policies will produce ecological benefits by
increesing the delivery of “ecosystem serviaes,”
which are the end products of ecological functions
that are valued by people (Daily 1997, National
Research Council 2005, and Millennium
Ecosystem Assessment 2005). There isa largeand
growing literature on the valuation of ecosystem
services. Fisher et al. (2009) documentan
exponentially increesing number of published
articles on ecosystem serviaes, growing from
exentially none in theearly 1980s to around 250
in 2007. Much of this literature focuses on the
impects of hebitat lossand other land use changes
on ecosystem service flows. Because EPA hes only
limited authority over privateand public land

use decisions, analysts may find that only asubset
of the results in thesestudies will be directly
transferable to traditional EPA regulations.
Nevertheless, thisgrowing literature can provide
a useful conceptual framework and potentially
transferable methods for analyzing a wide range of
EPA policies that may affect ecological servioss.

In principle, once the pollutants (or other
environmental stressors) whoseemissions will be
altered by the regulation have been identified, the
samegeneral approach used to estimate human
heal th benefits can be used to estimate ecological
benefits: identify theendpoints that are affected by
those pollutantsand that are valueble to society;
estimate dose-response relationships between
stressorsand endpoints; and estimate people’s
WTP for changes in theendpoints using revealed
or stated preference valuation methods. In the
case of ecological benefits estimation, the relevant
endpoints will include meesures of ecosystem
health rather than human health, and the methods
and data required to estimate the dose-response
functionsand WTP will differ accordingly. As

in the human health case, theestimation of dose-
response relationships between pollutantsand
endpointswill fall mainly to natural scientists,
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although collaboration between scientistsand
economists often is needed to help focus the
analysis on the most important endpoints. [The
Agency’s Ewlagical Benefits Asssssment Strategic
Plan describesan interdisciplinary approach

for conducting ecological benefits essessments,
aswell as research priorities for improving such
asessments (U.S. EPA 2006a)]. Even though the
besic approach for valuing ecological benefits is
similar to that used to value human health benefits,
an entirely different set of complications may arise
when estimating ecological benefits (Freeman
2003 pp. 457-460). Some of these complications
areexplored below.

A hypothetical policy

To illustrate some of the complications that can
arise when assessing ecological benefits, consider
a hypothetical policy that would control the
emissions of an industrial chemical that are
believed to decreese survival and reproductive
rates in one or more fish species. First, compared
to the commonly acoepted individual-level
mortality and morbidity endpoints used in
human health benefit assessments, it may be
more difficult to identify or define the relevant
endpoints in an ecological benefits assessment
(de Groot et al. 2002, Boyd and Banzhaf 2007,
Wallace 2007, and Fisher and Turner 2008).
Identifyingendpoints for estimating use values
may be relatively straightforward. For example,
endpoints for this hypothetical policy would
include the abundances and distributions of
species that are directly or indirectly affected

by the chemical and are harvested or targeted

for wildlife viewing or other non-consumptive
outdoor activities. Identifying relevant endpoints
for non-usevalues, on the other hand, can be more
complicated. Even for this simplified hypothetical
policy, it may not be clear which among the wide
variety of messureable ecosystem attributes —
beyond those previously identified as relevant for
use values — would provide an adequate besis
for eliciting non-use values in astated preference
survey. Evanset al. (2008) discuss some of the
challenges they faced in defining endpoints for
astated preferencesurvey to value reductions in
acid rain in the Adirondacks. Boyd and Krupnick

(2009) discuss problems of identifying ecological
endpoints more generally.

After relevant endpoints are identified, there
may be additional complications in modeling
theeffects of the chemical on thoseendpoints.
For example, the emissions-transport-exposure
pathway(s) — i.e., the “ecological production
function” (U.S. EPA 2009b) — may involve
complex food web linkages that are less direct

or have more convoluted feedbacks than in the
human health context. Furthermore, some of
the important feedbacks may involve human
responses to the changed ecological conditions.
For example, if some of the fish species in our
hypothetical policy scenario are harvested by
recreational or commercial fishers, then the
nature of the management regime in the fisheries
may influence the response of the fish stocks to
the policy. In an extreme case, if the commercial
fisheries are completely unregulated and subject
to open access conditions, then any increeses in
the stock sizes from the policy may be completely
offset in the long run by newentrants to the
fishery (Freeman 1991, Barbier et al. 2002,
Smith 2007, and Newbold and lovanna2007).
Therefore, an integrated bio-economic modeling
approach may be needed to accurately project the
bio-physical effects of the policy. Some examples
of such an approach include Smith and Crowder
(2006), Masey et al. (2006), and Finnoff and
Tschirhart (2008).

After theecological effects of the policy are
characterized, there may be further complications
in valuing those effects. For this hypothetical
policy, the main requirement for revealed
preference valuation methods might be dataon
commercial and recreational fishingactivities

in the affected water bodies. Other recreational
activitiesalso might be affected, and water-related
amenities might influenogproperty values. As with
human health benefits, care must be taken to avoid
double counting when using multiple datesets
and methods that could include overlapping
values (McConnell 1920, and Phaneufet al.
2008). Furthermore, if asignificant portion of
the benefits for ecological changesare thought to
oonsist of non-use values rather than use values,
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analysts may need to rely more heavily on stated
preference methods when estimating ecological
benefits. Considering the challenges in conducting
relible stated preference valuation studies even for
well-defined and familiar commodities (described
in detail in Section 7.3.2), this compounds the
extracomplications already discussed. Thisalso
points toa larger potential role for non-monetized
and non-quantified benefits in the overall analysis
(U.S. EPA 20062, and U.S. EPA 2009b).

Application of economic valuation methods
to ecological changes

Extensive treatments of the valuation of ecosystem
services can be found in recent reports from the
National Academy of Science (NAS) (2005)

and EPA’'sSAB Committes on the Valuation

of Ecological Systemsand Services (U S EPA
2009b). Analysts are referred to these reports

for more detailed discussions on theapplication
of economic valuation methods to ecological
benefits than are provided in these Guicklines.

In thissection areexamples of studies that apply
traditional valuation methods (discussed more
generally in the following sections of this chapter)
to ecosystem goods and services. Some of the
special complications that can arise in such studies
are highlighted.

Production functions

A number of recent contributions to the literature
on valuing of ecosystem servicssemphesize the
importance of understanding the production
functions relating natural systems to the provision
of products that are valuable to people (Polasky
etal. 2008z, 2008b; Boyd and Banzhaf 2007;

and U.S. EPA 2009b). Somesimpleexamples
have long been known: commercially valuable
species “produce” themselves. Early work such es
Faustmann’s 1848 analysis of optimal rotations

in forestry (seealso Samuelson 1976), Clark’s
(1990) work in fisheries, and Hammeack and
Brown’s (1974) work on wetlandsand waterfowl
have provided templates for later studies. 1t may
be possible to value theeffects of pollution on
theexploitation of renewable resources when
biological production possibilities are affected by
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environmental conditions — for example, when
fish stocks are affected by water quality, or when
waterfowl populations are affected by theextent
and configuration of wetlands (Bell 1997, Ellis
and Fischer 1987, and Massey et al. 2006). As
discussed above, analysts should kesp in mind
that institutional features such as open acoess to
renewable resources may dissipate values that
might otherwise be realized from environmental
improvement.

Ecological resouraes also can contribute to the
production of other useful goods and services,
such as crop yields, groundwater quality, and
surface water flow characteristics. Hence the
degradation of supporting ecological resources
should be reflected in diminished outputs of these
commodities. Direct application of production
function approaches often is hampered by data
and methodological limitations. Specifically, it
can bedifficult to messure the flow of non-market
ecosystem services that a particular production
process receives, as well as to statistically control
for the effects of unobeerved characteristics of
climateand topography. Oneapproach is to
design obeenvational studies to mimic controlled
experimentsas closely s possible. Rickettset

al. (2004) use thisapproach inastudy of the
value of pollination servioss to coffee crops. In
some cases production functions might plausibly
be derived from first principles. For example,
Weitzman (1992), Simpson et al. (1996), Rausser
and Small (2000), and Costelloand Ward (2006)
usesimple probebility models to examine the

role of biodiversity in the development of new
pharmeceutical products. Further examples of
studies relating ecological conditions to economic
outputs through production prooessss include
Acharyaand Barbier (2002), who examineground
water recharge asa function of surrounding land
cover, and Pattanayak and Kramer (2001), who
examinestream flow as a function of land cover.

Hedonic models

Econometricians generally have favored estimating
cost or profit functions to estimating production
functions. This is because the prices that are the
arguments of the former will be uncorrelated with
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unobserved factors, wheress input choices will not
(see Varian 1992). Whilea cost or profit function
approach could beadopted in the estimation of
ecosystemn service values, a more common, and
theoretically equivalent, approach is to estimate
ahedonic price function. In theory, the rental
price of land isequal to theearnings that could be
derived from its use, while the purchese price is
equal to the net discounted value of thestream of
such earnings. A number of authors have estimated
hedonic models relating the value of residential
properties to the proximity and attributes of
nearby forests (Anderson and Cordell 1988,
Tynainen and Miettinen 2000, and Willisand
Garrod 1991), wetlands (Lupi et al. 1991, Mahan
etal. 2000, Woodward and Wui 2001, Binand
Polasky 2005, and Costanzaet al. 2008), or other
varieties of “open space” (Geoghegen et al. 1997,
Benson et al. 1998, Irwin and Bockstael 2002,
Irwin 2002, and Thorsnes 2002).

Travel cost models

A large number of studies use travel cost models
to valueecological endpoints. The predominant
activity in the recreational use value literature
hes been fishing; where theecological endpoint
isexpected fish catch (or one or more proxy
meesures thereof) at one or more recreation

sites. For example, 122 of 325 studies in the
recreational use value database assembled by
Rosenberger and Stanley (2007) focused on either
freshwater or saltwater recreational fishing. The
remaining studies in the databese focuson one
of 25 other categories of activities, including bird
watching (Hay and McConnell 1979), wildlife
hunting (Creel and Loomis 1990, Coyneand
Adamowicz 1992, Boxall 1995, Peterset al. 1995,
and Adamowiczet al. 1997), beach use (Bocksteel
et al. 19873, and Parsonsand Massey 2003),
backocountry recreation (Boxall et al. 1996), rock-
climbing (Shawand Jakus 1996), and kayaking
(Phaneuf and Siderelis 2003).

Stated preference methods

Revealed preference methods cannot capture
non-use values, such as those associated with the
existence of biological diversity. This isbecause it

is not possible to use data on market transactions
or any other observed choices to estimate the value
of goods that leave no “behavioral trail” (Larson
1993) in their enjoyment. Insuch cases only stated
preference methods can provideestimates of
WTPor WTA (Freeman 2003). Moregenerally,
stated preference methods may beemployed when
researchers want to identify the widest possible
spectrum of values, both useand non-use (Loomis
etal. 2000).

Stated preference studies have been used to value
a number of ecosystem servioss. Examples include
the protection of endangered species (Brownand
Shogren 1998), the ecological consequences of
water quality improvements in Europe (Hanley
et al. 2006), improved ecological conditions
resulting from reduced air pollution in the United
States (Banzhaf et al. 2006), and restoration

of the Florida Everglades (Milon and Scrogin
2006). In some instances researchers may want

to combine results of stated preference valuation
studies of particular ecological endpoints with
other data on theeffects of pollution, land use,

or other factors on the production of ecosystem
services. See Boyd and Krupnick (2009) for an
extended discussion.

Complications that may apply to

all methods

When using these valuation methods or when
transferring the results of previous valuation
studies to assess ecological benefits for new policy
casss, analysts should be prepared to confront
several complications. For example:

For newstudies, it may be difficult to identify
and/or messure the ecological endpoints that are
most relevant for the policy case. Without aset

of observable messures of ecological conditions

(or messures that can be linked toecological
conditions through supplemental bio-physical
modeling) thought to be relevant for outdoor
recreation behavior, housing decisions, etc., it will
not be possible to use revealed preference methods
to value ecological effects. For example, users may
care mainly about water clarity for acertain type of
recreational activity, while the most reedily available
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data might measure nutrient loading in the water
bodies that would beaffected by a policy change.
Under such circumstanass it may be difficult to
relate revealed preferences regarding housing
decisions, recreational behavior, etc., to theavailable
nutrient loading data, as those dataare imperfect
proxies for water clarity. Thereare well-known
statistical pitfalls associated both with specifying the
wrong “right-hand side” variables inan econometric
relationship, as well aswith “datamining” by
including right-hand side variables in the absence

of theoretical justification. Thebest, if not always
precticable, advice that can begiven is to think as
carefully as possible about which varigblesshould
motivate choices before running any regressions.

For benefit transfers, it may be difficult to find
existingstudies that valueecological endpoints that
are thesame as, or sufficiently similar to, those of
interest in the policy case. This problem islikely to
be more common for ecological benefits than for
human health benefitdecause the latter hesa larger
et of studies to draw fromand asmaller et of
common endpoints that have been used in multiple
studies. The lesssimilar are the commodities valued
in theexisting ecological benefit studies, the more
difficult it will be tosynthesize thosestudies ina
metaranalysis or preference calibration exercise, and
the less valid will be the transfer of the resulting
valueestimate or function.

Estimation difficultiesare likely to arise in many
casss of interest. In particular, explanatory variables
may not meet theexogeneity requirement for
estimating their associated coefficients. For
example, in performing hedonic regressions

of property prices on, among other things, the
development status of nearby properties, it is likely
that both the price of the property in question

and the use made of nearby properties would be
determined by factors that cannot be observed by
theeconometrician (Irwin and Bocksteel 2002,
and Irwin 2002). Similarly, in estimating recreation
demand models in which a recreationist’s decision
to visit a particular site depends on, among

other things, congestion (i.e., how many others
decide to visit thesiteat thesame time), it is

likely that all recreationists’ site visit choices will
be influenced by the same unobserved factors
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(Timminsand Murdock 2007). Similar difficulties
arise in other arees of economics; for example
Durlauf’s (2004) survey of empirical approaches to
“neighborhood effects” in urban economics. The
solution in each instance is to identify appropriate
instrumental variables, but this can be difficult in
many cases. One way around such problems may
be to identify “natural experiments.” Thorsnes
(2002), for example, identifies instanaes in which
historical accidents influenced land use patterns
independently of the later realization of adjacent
land value in order to conduct a hedonicstudy of
theeffects of open space.

For resouraes subject to consumptive use, such

&s harvested fish or wildlife species, expected
harvest levelsareendogenous variables, which

can leed to biasessimilar to that introduged by
congestion effects. If the policy of interest leads

to spatially heterogeneous environmental quality
improvements, then it may lead toa resorting not
only of recreators but also of the target species
among the recreation sites. Ignoring thisspatial
re-sorting effect can give biased welfare estimates
(Newbold and Massey 2010). This can complicate
both theestimation of preference parametersand
the transfer of the estimated preference function to
the policy cese.

A besicgeal of any benefitsassessment is to countall
categories of benefits, but to count each only once.
This may be particularly important for ecological
benefits assessments since stated preferencestudies
employed toestimate intangible values, such as
existence values of biodiversity, might also capture
use values that areal ready covered by revesled
preferencestudiessuch as recreation demand or
hedonicstudies. When combining valuesestimated
using multiple methods, the analyst should take care
toavoid double counting.

It is important to identify and discussany
omitted benefit categories that are thought to
be important but that cannot be monetized,

or possibly even quantified. There may be
circumstanaces in which provision of some
additional information may be helpful, even if
does not rise to the level of presenting an explicit
comparison of benefits with costs. For example,
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analysts may be able to identify the most cost-
effective approach among different alternatives,
or to present natural science information that
can convey the biophysical impact of a policy
even if it does not quantify the WTPor WTA
for such a policy. It is better to acknowledge gaps
in information by discussing them qualitatively
or by reporting physical meesures (if available)
than to employ conoeptually flawed methods of
monetization. In particular, analysts should avoid
the use of replacement cost, embodied energy-
based evaluation methods, or ecological footprint
analysis to deriveestimatesof WTP or WTA.

7.2.3 Other Benefits

Other types of potential benefits from
environmental policies include assthetic
improvements and reduced material dameges.

Aesthetic improvements include effects such as
improved testeand odor of tap water resulting
from water treatment requirementsand enhanced
visibility resulting from reduced air pollution.
EPA typically considers two types of benefits
from incressed visibility due to improvements
inair quality: residential visibility benefitsand
recreational visibility benefits. Improvementsin
residential visibility are typically assumed to only
benefit residents living in thearees in which the
improvementsare occurring, whileall houssholds
in the United Statesare usually assumed to derive
some benefit from improvements in visibility in
aress such as National Parks. The benefits received,
however, are assumed to decresse with the
distance from the recreational area in which the
improvements occur.

Reduced materials damages include welfare
impects that arise from changes in the provision
of service flows from human-made capital assets
such as buildings, roads, and bridges. Materials
damages can include changes in both the quantity
and quality of such assets. Benefits from reduced
material damages typically involve cost savings
from reduoed maintenance or restoration of soiled
or corroded buildings, machinery, or monuments.

Methods and previous studies

Changes in the stock and quality of human-made
capital assets are assessed ina manner similar to
their “natural capital” counterparts. Analytically,
the valuation of reduced materials dameges
parallels the methods for valuing the tangible
end products from managed ecosystems such as
agriculture or forestry. Effects from changes in
air quality on the provision of theservice flows
from physical resouroes are handled inasimilar
fashion to theeffects from changes in air quality
on crops or commercial timber stocks. The

most common empirical applications involveair
pollution damages and the soiling of structures
and other property.

Linking changes in environmental quality with
the provision of service flows from materials

can be difficult because of the limited scientific
understanding of the physical effects, the timing
of theeffects, and the behavioral responses

of producersand consumers. An analysis of
reduced materials damages typically beginswith
anenvironmental fateand transport model to
determine the direct effects of the policy on the
stocksand flows of pollutants in theenvironment.
Then stressor-response functionsare used to relate
local concentrations of pollutants to corresion,
soiling, or other physical dameges that affect the
production (inputs) or consumption (output) of
the material service flows. The market response to
these impacts serves as the basis for the final stage
of theassessment, in which some type of structural
or reducsd-formeconomic model that relates
averting or mitigating expenditures to pollution
levels is used to value the physical impacts. The
degree to which behavioral adjustmentsare
considered when messuring the market response
is important, and models that incorporate
behavioral responsesare preferred to those that
do not. Adamsand Crocker (1991) providea
detailed discussion of thisand other features of
materials damages benefits assessment. Alsosee
EPA’s benefits analysis of household soiling for an
example that employsa reduced-formeconomic
model relating defensive expenditures to ambient
pollution (U.S. EPA 1997f).
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7.3 Economic Valuation
Methods for Benefits Analysis
For goods bought and sold in undistorted markets,
themarket price indicates the marginal social value
ofanextraunit of thegood. Therearevirtually

no markets for environmental goods. While

some natural producisaresold in private markets,
such es tressand fish, theseare “products of the
environment” and not the typesof “environmental
goodsand servicss” analysts typically need to value.
Theanalyst'sconaern is typically with non-martet
inputs, which are, by definition, not traded in
merkets. ™ To overcome this lack of market data,
economists have developed a number of methods to
valueenvironmental quality changes. Most of these
methods can be broadly categorized eseither revealed
preference or stated preference methods.

In caesswhere markets for environmental goods do
notexist, VWWTP can often be inferred from choices
people meke in related merkets. Specifically, because
environmental quality is oftenacharacteristic

or component ofa privategood or serviee, it is
sometimes possible to disentangle the valuea
consumer placss onenvironmental quality from
theoverall value of agood. Methods that employ
thisgeneral pproach are referred to as revealked
preerence methoosbecause values areestimated wsing
datagathered from oloserved choiaes thet revedl

the preferences of individuals. Revealed preference
methods include production or cost functions, travel
cost models, hedonic pricing models, and averting
behavior models. Thissection also discusses COl
methods, which aresometimes used to value humen
hedltheffectswhen estimates of W TPare urevaileble.

In situations where no markets for environmental
or related goodsexist to infer WTP, economists
sometimes rely on survey techniques to gather
choice data from hypothetical markets. The
methods that use this type of dataare referred

to as Stated preference methoos because they rely
on choice data that are stated in response to
hypothetical situations, rather than on choice

14 There are examples in which environmental goods have been traded in
markets. The Clean Air Act Amendiments of 1990, for example, initiated
amarket insulfur dioxide (S0,). However prices in such merkets are
determined by regulation-induced scarcity, and not by considerations
of marginel utilities or marginal products.
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behavior observed in actual markets. Stated
preference methods include contingent valuation,
conjoint analysis, and contingent ranking.

Each of these revealed and stated preference
methods is discussed in detail below. Included
arean overview of eech method, a description of
itsgeneral application to environmental benefits
analysis, and a discussion of issues involved in
interpreting and understanding valuation studies.
The discussion concludes with a separate overview
of benefit-transfer methods. It isimportant to
keep in mind that research on all of these methods
isongoing. Thelimitationsand qualifications
described here are meant to characterize the

state of the scienceat the time these Guidklines
werewritten. Analystsshould consult additional
resourcss as they become availeble.

7.3.1 Revealed

Preference Methods

A variety of revealed preference methods for
valuing environmental changes have been
developed and are widely used by economists. The
following common types of revealed preference
methodsare discussed in thissection:

« Production or cost functions:
« Travel cost models;

= Hedonic models;

« Averting behavior models; and
* Cost of Hiness (COI).™

7.3.1.1 Production and Cost Functions
Discrete changes in environmental circumstances
generally cause both consumer and producer
effects, and it is common practice to separate

the welfare effects brought about by changes
inenvironmental circumstances into consumer
surplus and producer surplus.'® Marginal changss
can beevaluated by considering the production
side of the market alone.

15 Although not a revealed preference method (s it does not measure
WIP) GOl methods are discussed in this section since estimates are
besed on observeble data.

16 See Appendix A for more detail.
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Economic foundations of production and
cost functions

Inputs to production contribute to welfare
indirectly. The marginal contribution ofa
productive input is calculated by multiplying the
marginal product of the input by themarginal
utility obtained from the consumption good,

in whose production the input isemployed.
Themarginal utility of aconsumptiongood is
recorded in itsprice. While marginal products

are rarely observed, the need to obsenve them is
obviated when both inputsand outputs aresold

in private markets because pricsscan be observed.
Environmental goodsand services are typically not
traded in private markets, and therefore the values of
environmental inputs must beestimated indirectly.

Production possibilities can be represented in
threeequivalent ways:

« Asaproduction function relating output to
inputs;

« Asacost function relating production
expensss to output and to input prices; and

« Asa profit function relating earnings to the
prioss of both output and inputs (se2 Varian
1992, for an explication of the relationships
among these functions).

The value of amarginal change in some
environmental condition can be represented as
amarginal change in the value of production,
asamarginal change in the cost of production,
or ssamarginal change in the profitability of
production.” It should be noted, however, that
problems of dataavailability and reliability often
arise. Such problems may motivate the choice
among these conoeptually equivalent approaches,
or in favor of another approach.

Note that derivation of valueson the margin
does not requireany detailed understanding
of consumer demand conditions. To evaluate
marginal effects via the production function
approach, theanalyst nesds to know the price
of output and the marginal product of the
environmental input. To derive theequivalent

17 Foragood review of statistical procedures used for estimating
production, cost, and profit functions see Bemndit (1991).

messure using a cost function approach, the
analyst needs to know the derivative of the cost
function with respect to theenvironmental input.
In the profit function approach, theanalyst nesds
to know the derivative of the profit function with
respect to theenvironmental input®

In thestatements note the empheasis that marginal
effectsare being estimated. Estimating the net
benefits of larger, non-marginal, changes represent
agreater challenge to the analyst. In general this
requires consideration of changes in both producer
and consumer surplus The latter necsssitates
application of techniquessuch as travel cost,
hedonics, and stated preference, which are
discussed elsewhere in this chepter.

Before moving on to those topics, notea fourth
equivalent way to estimateenvironmental effects
on production possibilities. Such effectsare
reflected in the profitability of enterprises engaged
in production. That profitability also can be
related to the return on fixed assets such as land.
The value of a parcel of land is related to thestreem
of earnings that can beachieved by employing

it in its “highest and best use.” Its rental value is
equal to the profits that can beearned from it over
the period of rental (the terms “rent” and “profit”
are often used synonymously in economics). The
purchese price of the land parcel isequal to the
expected discounted present value of thestream
of earnings that can be realized from its uss over
time. Therefore, the production, cost, and profit
function approaches described ebove arealso
equivalent to inferenass drawn from theeffects

of environmental conditions on asset values. This
fourth approach is known as “hedonic pricing,”
and will be discussed in detail in Section 7.3.1.3.

18 Derivation of merginal values often involves an application of the
“envelope theorem” thet states thet effects from variebles thet are
already optimized are negligible. In detemining the effect of an
improvement in a perticular environmental input on welfare arising
from the consumption of a particular product using the cost function
approech, the analyst would determine how | p(q)dg — C(Q )
varies with e, the environmental variable. The integral is consumer
surplus, i.e., the area under the demand curve, and the second tem
is the cost of producing quentity Q given environmental conditions,

e Differentiating with respect to e yields [p(Q) — 8C/8Q)] dQ/de—
0C/de = — 9C/ de, where the last equelity resuilts because competitive
finms set price equal to marginal cost, i, p(Q) = 8C/9Q. This is the
basis for the general propasition thet marginel values can be estimated
by looking solely at the production side of the merket
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It is introduced now to show that production,
cost, or profit function approaches are generally
equivalent to hedonicapproaches.

“Production” ssa term is broad in meaningand
application, especially with regard to hedonic
pricing. While businesses produce goodsand
servioss in their industrial facilities, one might also
say that developers “produce” housing services
when they build residences. Therefore, hedonic
pricing approaches can meesure the value of the
environment in “production,” whether they are
focusing on commercial or residential properties.
Similarly, households may “produce” their health
status by combining inputssuch asair and water
filtration systems and medical servicesalong with
whatever environmental circumstances they face.
Or they “produce” recreational opportunitiesby
combining “travel services” from private vehicles,
their own time, recreational equipment purchesss,
and theattributes of their destination. Much

of what is discussed elsewhere in thissection is
associated with this “production” analysis. This
is not to say that estimation of production, cost,
or profit functions is necessarily the best way to
approach such problems, but rather, that all of
these approaches are conaeptually consistent.

General application of production ana
cost functions

Empirical applications of production and cost
function approaches are diverse. Among other
topics, theempirical literature hes addressed the
effects of air quality changes on agricultureand
commercial timber industries. 1t also has assesed
theeffects of water quality changes on water
supply treatment costsand on the production
costs of industry processors, irrigation operations,
and commercial fisheries."® Production, cost,

or profit functions have found interesting
applications to theestimation of some ecological
benefits 2 Probebilistic models of new product
discovery fromamong diverse collections of
natural organisms can also be regarded s a type of

19 Refer to Adams et al. (1986), Kopp and Krupnick (1987), Ellis and
Fisher (1987), Taylor (1993), and U.S. EPA (1997a) for examples.

20 See, for example, Acharyaand Barbier (2002) on groundwater
recharge, and Pattenayak and Kramer (2001) on watter supply.
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“production.”' Finally, work inecology points to
“productive” relationshipsamong natural systems
that may vield insights to economistsas well %

Considerations in evaluating

and understanding production

and cost functions

Theanalyst should consider the following factors
when estimating the values of environmental
inputs into production:

Data requirementsand implications.Estimating
production, cost, or profit functions requires data
onall inputsand/or their prices. Omitted varigble
bies is likely to arise aosent such information, and
may motivate the choice of one form over another.
Econometricians have typically preferred to
estimate cost or, better yet, profit functions. Data
on prices are often more complete than are data
on quantitiesand pricesare typically uncorrelated
to unobserved conditions of production, wherees
input quantitiesare not.

Themodel for estimation. Standargractice
involves theestimation of “flexible functional
forms,” i.e, functions that can be regarded as
second-order approximations to any production
technology. The translogand generalized Leontief
specificationsareexamples. Estimation often will be
moreefficient if asystemn of equations isestimated
(eg., simultaneous estimation of acost function
and itsassociated factor demand equations),
although data limitations may impose constraints.

Market imperfections. Most analysssassume
perfectly competitive behavior on the part of
producersand input suppliers, and assume
anabsenae of other distortions. When these
asumptions do not hold, the interpretation of
welfare results becomes more problematic. While
there isanextensive literature on the reguilation
of externalities under imperfect competition,
originating with Buchanan (1969), analystsshould
exercise caution and restraint in attempting to
correct for departures from competitive behavior.
21 Forexample, seeV\eitaman (1992), Simpson et al. (1996), and Rausser
and Smell (2000).
22 Forexample, see Tilman, Lehmen, and Polasky 2005.
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The issues can become quitecomplexand, s is
thecase with environmental externalities, there is
typically no direct evidence of the megnitude of
departures from perfectly competitive behavior.
Moreover, in many circumstances it might
ressonably beargued that departures from perfect
competition are not of much practical concern
(Oatesand Strassman 1984). Perhapsa more pressing
coneern in meny instances will be the wedge between
privateand social welfare consequencss that arise
with taxation. An incresse in the value of production
oocssioned by environmental improvement typically
will besplit between private producersand the
general public through tax collection. The issues
herealso can become quitecomplex (sseParry et

al. 1997), with interactionsamong taxes leading
tosometimessurprising implications. Whileit is
difficult togivegeneral advice, analysts may wish to
alert policy makers to the possibility that the benefits
of environmental improvements in production may
axcrue to different constituencies.

7.3.1.2 TravelCosts

Recreational values constitutea potentially large
cless of environmental use benefits Honeer,
messuring these values is complicated by the fact
that the full benefits of acoess to recreation activities
are rarely reflected in admission prices. Travel

oost modelsaddress this problem by inferring the
value of changes in environmental quality through
obeerving the trade-offs recreators make between
environmental qualityand travel costs A common
situation recreators may face is choosing between
visitinga nearby lake with low water quality and
amore distant lakewith high water quality. The
outcome of the decision of whether to incur the
additional travel cost tovisit the lake with higher
water quality reveals information about the
recreator’s value for water quality. Travel cost models
are often referred to as recreation demand models
because they are most often used to value the
availability or quality of recreational opportunities.

Economic foundation of travel cost models
Travel cost models of recreation demeand focuson
the choice of the number of trips toagivensite or
set of sites that a traveler makes for recreational

purposss. Because there is no explicit market

or price for recreation trips, travel cost models
are frequently based on the assumption that the
“price” of arecreational trip isequal to the cost of
traveling toand from thesite. These costs include
both participants’ monetary cost and opportunity
cost of time. Monetary costs includeall travel
expensss. For example, when modeling day trips
taken primarily in privateautomobiles, travel
expensss would include roundtrip travel distance
in miles multiplied by an estimate of theaverage
cost per mile of operatinga vehicle, plusany tolls,
parking, and admission fess.

A participant’s opportunity cost of time fora
recreational day trip is the value of the participant’s
timespent traveling toand from the recreation

site plus the timespent recreating® A veriety

of approaches have been used in the literature

to define the opportunity cost of time. Most
commonly, researchers have used a fixed fraction
ranging from one third to one whole of a person’s
hourly wege as an estimate of participants’ hourly
opportunity cost of time. In most ceses, the
fraction used depends on how freely individualsare
assumed to beable to substitute labor and leisure.

If a person can freely choose their work hours then
their opportunity cost of timewill beequal to their
full wege rate. However, if a person cannot freely
substitute labor for leisure (for example if they have
aset 40 hour work week), then the opportunity
cost of the time they haveavailable for recreation

is unobeervable and may be less or more than the
full wege rate. Many other factorscan influence
recreators’ opportunity cost of time, including

the utility received from traveling, non-wage
income, and other non-work timeconstraints. A
number of researchers have developed methods

for estimating recreators’ endogenous opportunity
cost of time although no one method hes yet been
fullyembraced in the literature. For examples,

e McConnell and Strand (1981); Smith,

23 If the amount of time spent recreating or doing samething else (not
including the time spent traveling to and from the sites) is assumed
to be the same across all alternatives then it will not be identifiable
in estimation and therefore it is not necessary to incluce it in the
estimeation of the participent’'s opportunity cost of time. See Smith,
Desvousges, and McGivrey (1983); and MoConnell (1992) for
discussions of the implication of and the methods for allowing time
onsife to vary across trip and altematives.
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Desvousges, and McGivney (1983); Bockstzel
etal. (1987b); McConnell (1992); and Feather
and Shaw (1999). Hourly opportunity costsare
multiplied by round trip travel timeand timeon-
site to calculate a person’s full opportunity cost of
time. Total travel costsare thesum of monetary
travel costsand full opportunity costs. Following
the law of demand, as the cost of a trip increeses
the quantity of trips demanded generally falls, all
elseequal. This means that participantsare more
likely to visit a closer site than asite farther away.

While travel costsare the driving force of the
model, they do not completely determine
aparticipant’schoice of sites to visit. Site
characteristics, such as parking, restrooms, or
boat ramps; participant characteristics, such as
age, income, experience, and work status; and
environmental quality also can affect demand for
sites. The identification and specification of the
gppropriatesiteand participant characteristicsare
generally determined by a combination of data
availability, statistical tests, and the ressarcher’s
best judgment. Ultimately, every recreation
demand study strikesa compromise in defining
sitesand choice sets, balancing data needsand
availability, costs, and time?

General application by type of

travel cost model

Travel cost models can logically be divided into
two groups: single-site models and multiplesite
models. Apart from the number of sites they
address, the two types of models differ in several
ways. The besic features of both model typesare
discussed below.

Single-site models. Single-site travel cost models
examine recreators’ choice of how many trips to
make toasoecificsiteover a fixed period of time
(generally asseson or year). 1t isexpected that the
number of trips taken will increese as the cost of
visiting thesite decressesand/or as the benefits
realized from visiting increese. Site, participant,
and environmental attributes, as well as the prices
24 Foracomprehensive treafment of the theoretical and econametric

properties of recreation demand models see Phaneuf and Smith
(2005).
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of substitutesites, act as demand cuneshifters.
For example, sites with good water quelity are
likely to be visited more often than siteswith

poor water quality, all elssequal. Most current
single-site travel cost models are estimated using
count data models because the dependent variable
(number of trips taken to asite) isa non-negative
integer. See Haaband McConnell (2003) and
Parsons (2003a) for detailed discussionsand
examples of recreation demand count data models.

Single-site models are most commonly used to
estimate the value of achange in access toasite,
particularly site closures (eg., the closure of a lake
due to unhealthy water quality). The lost acoess
value due toasite closure is the differenae between
the participant’s WTP for the option of visiting
thesite, which isgiven by thearea between the
site’sestimated demand curveand the implicit
“price” paid to visit it. Estimating the value of a
change in the cost of asite visit, for example the
addition or incresse of an admission fee, isanother
common application of the model.

A weakness of thesinglesite model is its inability
to deal with large numbers of substitutesites. If as
is often the cage, a policy affectsseveral recreation
sitesina region, then traditional singlesite
modkelsare required for eechsite. In caseswith
large numbers of sites, defining theappropriate
substitutesites for each participant and estimating
individual models for each site can impose
overwhelming data collection and computational
oosts. Because of these difficulties, most researchers
have opted to refrain from using single-site models
when examiningsituations with large numbers of
substitutesites®

Multiple-site models. Multiplessite models
examinea recreator’s choice of which site to visit
from aset of availablesite (known as thedhoiest)
on agiven choiceaacasion and in some cases can also
examine how many trips to make toeach soecificsite

25 Researchers have developed methods to extend the single-site
travel cost model to multiple sites. These variations usually involve
estimeting a system of demand equations. One example is the Kuhn-
Tucker (KT) model discussed in the following multiple-site model
section. See Bockstael, MoConrell, and Strand (1991) and Shonkwiler
(1999) for more discussion and other examples of extensions of the
single-site model.
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over a fixed period of time. Compared to thesingle-
site model, thestrength of multiple-site models
liesin their ability toaccount for theavailability
and characteristics of substitutesites. By examining
how recreators trade the differing levels of eech
site characteristicand travel costs when choosing
amongsites it is possible to placea per trip (or
choice occssion) dollar value on siteattributes or
onsiteavailability for singlesites or multiplesites
simultaneously.

The two most common multiple-site modelsare
the random utility meximization (RUM) travel
cost model and Kuhn-Tucker (KT) system of
demand models. Both models may be described
by asimilar utility theoretic foundation, but they
differ in important ways. In particular, the RUM
model isa choiae occasion model while the KT
model isa model of ssasonal demand.

Random utility maximization models. Ina
RUM mocdel eech alternative in the recreator’s
choiceset isassumed to provide the recreator with
agiven level of utility, and on any given choice
occssion the recreator isassumed to choose the
alternative that provides the highest level of utility
on that choice occasion.® Theattributes of eech
of theavaileble alternatives, such as theamenities
available, environmental quality, and the travel
oosts, areassumed to affect the utility of choosing
each alternative. Because people generally do

not choose to recreateat every opportunity, a
non-participation option is often included as
apotential alternative?” From the researcher’s
perspective, the observable components of utility
enter the recreator’'sassumed utility function. The

26 While the standard logit recreation demand mode! treats each choice
occasion as an independent event, the model can also be generalized
to account for repeated choices by an individual.

27 Inastendard nested logit RUM model, recreators are commonly
assumed to first decide whether or not to take a trip, and then
conditional on taking a trip, to next choose which site to visit. By not
including a non-participation option, the researcher in effect assumes
that the recreator hes already decided to teke a trip, or in other
words, thet the utility of taking a trip is higher then the utility of doing
something else for thet choice occasion. Another way to think of it is
that models lacking a participation decision only estimate the recreation
values of the segment of the population thet participetes in recreation
activities (i.e., recreators), while models thet allow for non-perticipation
incorporate the recreation values of the whole population (ie.,
recreators and non-recreators combined). Because of this, recreation
demand models without participetion decisions tend to predict larger
per person welfare changes than models allowing non-perticipetion.

unobservable portions of utility are captured by an
error term whose assumed distribution gives rise
to different model structures. Assuming that error
terms have type 1 extreme values distribution leads
to theclosed form logit probability expression

and allows for maximum likelihood estimation of
utility function parameters. Using theseestimated
parameters it is then possible to estimate WTP for
agiven change in sites quality or availability.

However, because the RUM model examines
recreation decisions on achoice oocasion level,

it is less suited for predicting the number of

trips over a time period and measuring seesonal
welfare changes. A number of approaches have
been used to link the RUM model’sestimates of
values per choice occasion to estimates of seasonal
participation rates. See Parsons, Jakus, and Tomesi
(1999) for a detailed discussion of methods of
incorporating seesonal participation estimates into
theRUM framework.

The nested logit and mixed logit models are
extensions of the besic logit. The nested logit
model groupssimilar alternatives into nests where
alternatives within a nest are moresimilar with
eech other than they are with alternatives outside
of the nest. In very general terms, recreatorsare first
assumed to choose a nest and then, conditional on
the choice of nest, they then choosean alternative
within that nest. Nestingsimilar alternatives
allows for more realistic substitution patterns
amongsites than is possible with abesic logit. The
mixed logit isa random parameter logit model
that allows for even more flexible substitution
patterns by estimating the variation in preferences
(or correlation in errors) across thesample. If
preferences do not vary across thesample then the
mixed logit collapsss toa besic logit?®

The Kuhn-Tucker (KT) model. The KT model is
asessonal demand model that estimates recreators’
choiceof which sites to visit (likea multiplesite
moakl) and how often to visit themover aseaon
(likeasingle-site mockl). The model is built on the
theory that people maximize their seesonal utility
subject to their budget constraint by purchesing

28 See Train (1998) and Train (2003) for detailed descriptions of the
nested and mixed logit models.
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the quantities of recreation and other goods that
give them thegreatest overall utility. Similar

to the RUM model, the researcher begins by
specifying the recreator’s utility function. Taking
the derivative of this utility function with respect
to the number of trips taken, subject to abudget
and non-negative trip constraint, yields the “Kuhn-
Tucker” conditions. The KT conditionsshow
that trips will be purchased up to the point that
the marginal rate of substitution between trips
and other spending isequal to the ratio of their
prices. In cases where the price of agood exoeeds
its marginal value none will be purchesed. Given
assumptions on the form of the utility function
and thedistribution of theerror term, probebility
expressions can be derived and parameter estimates
may then be recovered. While recent applications
haveshown that the KT model is capable of
accommodating a large number of substitutesites
(von Haefen, Phaneuf, and Parsons 2004) the
model is computationally intensive compared

to traditional models. For a besicapplication of
the KT model see Phaneuf and Siderelis (2003).
For moreadvanoed treatments of the modelssee
Phaneuf, Kling, and Herriges (2000), and von
Haefen and Phaneuf (2005).

Considerations in evaluating

and understanding recreation

demand studies

Definition of asiteand thechoiceset. The
definition of what constitutesa uniquesite

has been shown to haveasignificant effect on
estimation results. Ideally, one could estimate

a recreation demand mode! in which sitesare
defined as specific pointssuch esexact fishing
location, campsites, etc. The moreexact thesite
definition, the moreexact the messure of travel
costsand siteattributes, and therefore WTP,
that can becalculated. However, insituations
witha large number of potential alternatives, the
large data requirements may be cost and time
prohibitive, estimation may be problematic, and
aggregation may be required. The method of
aggregation has been shown to haveasignificant
effect on estimated values. The direction of the
effect will depend on thesituation beingevaluated
and the method of aggregation chosen (Parsons
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and Needleman 1992; Feather 1994; Kaoruy,
Smith, and Liu 1995; and Parsons, Plantingg, and
Boyle 2000).

Inaddition to the definition of what constitutesa
site, the number of sites included in a recreator’s
choiceset can haveasignificant effect on
estimated values. When defining choice sets,

the most common practice in the literature has
been to includeall possible alternatives availeble
to the recreator. In many casssavailability has
been defined by location with agiven distance

or travel time® Thisstrategy hes been criticized
on thegrounds that people may not know about
all possiblesites, or even if they do know they
exist they may not seriously consider them as
alternatives. In response to this, anumber of
researchers have suggested methods that either
restrict choice sets to include only thosesites that
the recreators seriously consider visiting (Peters
etal. 1995, and Haab and Hicks 1997) or that
weight seriously-considered al ternatives more
heavily than less-seriously-considered alternatives
(Parsons, Massey, and Tomesi 2000).

Multiple-site or multipurpose trips. Recreation
demand modelsassume that the particular
recregtion activity beingstudied is thesole
purpose for agiven trip. Ifa trip has more than
one purpose, it almost certainly violates the travel
cost model’s central assumption that the “price”
of avisit isequal to the travel cost. The common
strategy for dealing with multipurpose trips is
simply toexclude them from the dataused in
estimation.® See Mendelsohn et al. (1992) and
Parsons (2003b) for further discussion.

Day trips versus multi-day trips. The recreation
demand literature has focused almost exclusively
onsingle-day trip recreation choiges. One main
resson researchers have focused mostly on day trips
is that adding the option tostay longer than one
day addsanother choice varigble in estimation,

29 Parsons and Hauber (1998) explore the implication of this strategy by
expanding the choice set geographically and find that beyond some
threshold the effect of additional sites is negligible.

30 Excluding any type or cless of trip (like multiple-site or multipurpose)
will produce an underestinete of the population’s total use value of a
site. The amount by which benefits will be underestimated will depend
on the number and type of trips excluded.
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thereby greatly incressing estimation difficulty.

A second reeson is that s trip length increeses
multipurpose trips become incressingly more
likely, again casting doubt on the assumption that
trip’s travel costs represent the “price” of onesingle
activity (see previous paragraph). A few researchers
have estimated models that allow for varying trip
length. The most common strategy has been to
estimatea nested logit model in which each choice
nest representsadifferent trip length option. See
Kaoru (1995) and Shaw and Ozog (1999) for
examples. The few multi-day trip models in the
literature find that the per-cay value of multi-day
trips isgenerally less than the value of asingle-day
trip, which suggests that estimating the value of
multi-day trips by multiplyinga value estimated
for single-day trips value by the number of days of
will overestimate the multi-day trip value.

7.3.1.3 Hedonics

Hedonic pricing models use statistical methods to
meesure the contribution of agood’scharacteristics
to its price. Cars differ in size, shape, power,
passenger capecity, and other features. Houses
differ insize, layout, and location. Even labor
hours can be thought of as “goods” differingin
attributes like risk levels, and supervisory nature,
that should be reflected in weges. Hedonic pricing
models use variations in property prices or wages
and are commonly used to value the characteristics
of properties or jobs. The modelsare based on

the assumption that heterogeneous goodsand
LIVices (eg., housss or labor) consist of “bundles”
of attributes (eg., size, location, environmental
quality, or risk) that are differentiated from

each other by the quantity and quality of

these attributes. Environmental conditionsare
among the many attributes that differ across
neighborhoodsand job locations.

Economic foundations of

hedonic models

Hedonic pricing studies estimate economic
benefits by weighing the advantages against the
costs of different choices. A standard assumption
underlying hedonic pricing models is that markets
are inequilibrium, which means that no individual

can improve her welfare by choosing a different
home or job. For example, if an individual changed
location she might move to a larger house, or one
in the midst of a cleaner environment. However, to
receivesuch amenities, the individual must pay for
amoreexpensive houseand incur transaction costs
to move. The more the individual spends on her
house, the less she has to spend on food, clothing,
transportation, and all the other thingsshe wants
or needs. Thus, individuals areassumed to choose
abetter available option such that the benefits
derived from it areexactly offset by the increesed
cost. So, if the difference in prices paid to live in
acleaner neighborhood is observable, then that
price difference can be interpreted as the WTP for
abetter environment.

One key requirement in conducting a hedonic
pricingstudy is that the available options differ

in messurable ways. To see why, suppose that all
locations inacity’s housing marketwere polluted
to thesame degree, or all jobs ina particular

labor market expose workers to thesame risks.
Homeownersand workers would, of course, be
worse offdue to theirexposureto pollutionand job
risks, but their losses could not be messured unless
acomparison could be made to purchasers of more
expensive housss in less polluted neighborhoods,
or wages in lower-paying but safer jobs. However,
thereisalsoa practical limit on the heterogeneity
of thesample. Workers in different countries

earn very different wagesand face very different
job risks, but this does not mean it is possible to
value the difference in job risks by reference to
international differences in wages. Thisis because:
(1) thereare many other factors that differ between
widely separated markets; and (2) peoplesimply
are not mobile between very disparatesites. For
these reesons it is important toexercisecare in
defining the market in which choices are made’

Another aspect of the heterogeneity in locations
required to make hedonic pricing studieswork is
that people must beable to peraeive the differences
among their options. If homeownersare unable
to recognize differences in health outcomes,
visibility, and other consequences of differenoss

31 Micheels and Smith (1990) offer guidance for defining the extent of the
market.
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inair quality at different locations, or if workers
are unaware of differencess in risksat different jobs,
then a hedonic pricing study would not besuitable
for estimating the values for those attributes.

Hedonic pricingstudies can be used in different
ways in environmental economics. Someare
intended to provide direct evidence of the value of
environmental improverments. Hedonic housing
pricestudies are good examples. House pricesare
related to environmental conditions. The most
frequent example is probably air quality (sse
Smith and Huang 1995 for a meta-analysis of
meny studies), although water quality (Leggett
and Bockstael 2000), natural amenities (Thorsnes
2002), land contamination (Messer et al. 2006)
and other examples have been studied. Other
hedonic studiesevaluate endpoints other than
environmental conditions. A good example would
be hedonic wegestudies that are used in the
computation of the VSL. (See Viscusi 2004 fora
recent example.)

General application by type of hedonic
pricing study

Hedonic wage studies, also known as wege-risk
or compensating wegestudies, are based on the
premise that individuals make trade-offs between
wegesand occupational risks of death or injury.
Most analystsassume that workers understand
on-the-job risks, but othersargue that workers
generally underestimate them (Viscusi 1993).
Somestudiesattempt toaccount for workers’
peraeived risks, but the results of thesestudiesare
not markedly different from those that do not
(Gerking, de Haan, and Schulze 1988). Two of the
most frequently used datasouraes for hedonicwage
studiesare the National Institute of Occupational
Safety and Health (NIOSH ) and Bureau of Labor
Statistics (BLS) Survey on Working Conditions
(SWC) data. The NIOSH dataarestate-level data
of fatalities by oocupation or industry, while the
SWC data providea finer resolution of occupation
or industry fatalities, but do not vary by location.
Black and Kneiger (2003), however, question
theability of hedonic wege studies using these
datasourass to measure job risksaccurately due
tosevere messurement error. They find that the
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messurement error in the fatality rates reported
from thesesouross is correlated with covariates
commonly used in the wege equations, making the
consistent estimation of the coefficient on risk in
thestandard hedonic wegeequation achallenge.
More recent hedonic wage studies have used the
BLS Census of Fatal Occupational Injuries (CFOI)
s the source for workplaoce risk information
(Viscusi 2004; Viscusi and Aldy 2007b; Aldy and
Viscusi 2008; Kniesner, Viscusi, and Ziliak 2006;
Leeth and Ruser 2003; Viscusi 2003; and Scotton
and Taylor 2009). These dataare considered the
most comprehensive data on workplace fatalities
availeble (Viscusi 2004), compiling detailed
information since 1992 fromall statesand the
District of Columbia. Not onlyare the counts

of fatal events reported by 3-digit oocupation

and 4-digit industry clessifications, but the
circumstances of the fatal events, aswell as worker
characteristics likeage, gender and race, arealso
cptured.* Toensure the veracity and completeness
of the reported data, multiple sourass, including
death certificates, workers’ compensation reports
and federal and stateadministration reportsare
consulted and cross-referenced.

Although questionsstill persist about the
applicability of hedonic wagestudy results to
environmental benefits assessment, hedonic wege
studies have been used most frequently in benefits
asessments to estimate the value of fatal risk
reductions® When a benefits assessment requires
aVSL estimate, hedonic wege estimatesareagood
source of information. Historically, EPA hesuseda
VSL estimate primarily derived from hedonic wage
studies. For more information on the Agency’s
VSL estimate, see Section 7.1.1 and Appendix C*
The VSL determined by a hedonic wagestudy, for
example, typically relates WTA higher wagesin
exchange for the increased likelihood of accidental
death duringa person’s working years. However,

32 More information on the CFOI datta is available at: http:/mwwv.bls.gov/
iif/oshfat1.him.

33 Forexample, BEPAs SAB hes recognized the limitations of these
estimates for use in estimating the benefits of reduced cancer incidence
from environmental exposure. Despite these limitations, howeer, the
SAB concluded thet these estimates were the best available at the time
(U.S. BEPA2000d).

34 As part of the revision of this document, EPA is revisiting the VSL
estimate used in policy analysis; further guidance will be forthcoming.
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analystsshould take care when applying results
from one hedonic study toa new policy cese, for
example, if thereare differences in theage groups
facing mortality risks from longer-term conditions.

Hedonic property value studies messure the
different contributions of various characteristics
to the value of property. Thesestudiesare typically
conducted using residential housing data, but

they have also been applied to commercial and
industrial property, agricultural land, and vacant
land.® Bartik (1988) and Palmquist (1988, 1991)
provide detailed discussions of benefits asssssment
using hedonic methods. Property valuestudies
require largeamounts of disaggregated data. To
avoid aggregation problems, market transaction
prices on individual parcels or housing units

are preferred to aggregate datasuch as census

tract information on average housing units.
Problems can arise fromerrors in messuring

prices (aggregated data) and errors in messuring
product characteristics (particularly those related
to the neighborhood and theenvironment).
Thereare numerousstatistical issues associated
with applying hedonic methods to property value
studies. These include the choice of functional
form, the definition of the extent of the market,
identification, endogeneity, and spatial correlation.
Refer to Palmquist (1991) for a thorough
treatment of the main econometric issues.
Recently, advances have been made in modeling
spatial correlation in hedonic models (see Text Box
7.4 on spatial correlation for more information).

Other hedonic studies. Applicability of the
hedonic pricing method is not limited to the
property and labor markets. For example, hedonic
pricing methods can be combined with travel

cost methods to examine the implicit price

of recreation site characteristics (Brownand
Mendelsohn 1984). Results from other studies
can be used to infer the value of reductions in
mortality, cancer, or injury risks. For example,
Dreyfusand Viscusi (1995) usea hedonicanalysis

35 See Xu, Mittleharmer, and Barkley (1993), and Palmquist and
Danielson (1989) for hedonic values of agricultural land; Ihlanfeldt and
Taylor (2004) for commercial property; Dele, Murdoch, Theyer, and
Weddell (1999), and McCluskey and Rausser (2003) for residential
property; and Clapp (1990), and Thorsnes (2002) for vacant land.

to determine the trade-offs betwesn automobile
priceand safety features to infer the VVSL.

Considerations in evaluating and
understanding hedonic pricing studies
Unobservable factors. A concern common to
hedonic pricingstudies is that it is impossible to
observeall factors that go into a decision. People
will chooseamong different jobs or houses not
only because they can trade off differencesin
amenitiesand risks against differences in prices
or wages, but also because they have different
preferences for risks. Idiosyncratic personal testes
that cannot be observed may be responsible for
asubstantial portion of differences in observed
choices. For example, mountain climbers have
been known to pay tens of thousands of dollars to
undertake expeditions that substantially increese
their likelihood of early death.

Source of risks. Similarly, analysts need to

be careful in distinguishing thesource of the

risks used to estimate risk premia. Consider an
individual who both worksa dangerous joband
lives in unhealthy circumstances. Such a person
may beat greater risk of premature death than
someone who worksadifferent job or lives
elsswhere. Analysts risk underestimating the wage
premium demanded on the job if they fail to
distinguish between causes of death — for example
between on-the-job accidentsand environmentally
induced conditions acquired at home — when
relating the wage premium paid on dangerous
jobs to thestatistics on premature mortality.
Convergly, if thesame job poses multiple risks —
say the risk of both accidental death and serious,
but nonfatal injury were higher on a particular

job — the wage premium the job offerswould
overstate WTP for reductions in mortality risks if
the injury risks were not properly controlled for in
theanalysis. See Eeckhoudt and Hammiitt (2001),
and Evansand Smith (2006) for more discussion
of competing versus specific risks.

Marginal changes. Aswith many resultsin
economics, hedonic pricing modelsare best suited
to the valuation of small, or marginal, changes in
attributes. Under such circumstances, theslope
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of the hedonic price function can be interpreted
& WTP forasmall change in theattribute.
Public policy, however, issometimes geared to
larger, discrete changes inattributes. When this
is the case, calculation of benefitscan become
significantly more complicated. Hedonic price
functions typically reflect equilibria between
consumer demands and producer supplies for
fixed levels of theattributes beingevaluated. The
demand and supply functionsare tangent to the
hedonic price function only in the immediate
neighborhood of an equilibrium point. Paimquist
(1991) describes conditions under which exact
welfare messures can be calculated for discrete
changes. See Freeman (2003) and Ekeland,
Heckman, and Nesheim (2004 ) for recent
treatments.

7.3.1.4 Averting Behaviors

Theawverting behavior method infers values for
environmental quality from observations of actions
people take to avoid or mitigate the increesed
health risks or other undesirable consequencss

of reductions inambient environmental quality
conditions. Examples of such defensive actions

can include the purcheseand use of air filters,

boiling water prior to drinking it, and the purchese
of preventative medical care or treatment. By
analyzing theexpenditures associated with these
averting behaviorseconomists can attempt to
estimate the value individuals place on small
changes in risk (Shogren and Crocker 1991, and
Quiggin 1992).

Economic foundations of averting

behavior methods

Averting behavior methods can be best understood
from the perspective of a household production
framework. Households can be thought of as
producing health outcomes by combiningan
exogenous level of environmental quality with
inputssuch as purchasss of goods that involve
protection against health and safety risks (Freeman
2003). To theextent that averting behaviorsare
available, the model assumes that a person will
continue to take protective action as longas the
expected benefit exoseds the cost of doingso.

If there isa continuous relationship between
defensive actionsand reductions in health risks,
then the individual will continue toavert until the
marginal cost just equals her marginal WTP for
these reductions. Thus, the value of asmall change
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in health risks can beestimated from two primary
pieces of information:

« Thecost of theaverting behavior or good; and

« | iseffectivenessas percaived by the individual,
inoffestting the lcss inenvironmental quality.

Blomauist (2004 ) provides a detailed description
of the besic household production model of
averting behavior. More detail on the difficulties
inherent in applying the averting behavior model
can be found in Cropper and Freeman (1991).

Oneapproach toestimation is to use observeble
expenditures on avertingand mitigating activities
to generate values that may be interpreted asa
lower bound on WTP. Harrington and Portney
(1987) demonstrate this by showing that WTP
for small changes in environmental quality can

be expressed as the sum of the values of four
components: changes in avertingexpenditures,
changes in mitigatingexpenditures, lost time, and
the loss of utility from pain and suffering. The
first three terms of this expression are observable,
in principle, and can be approximated by
calculating changes in these costsafter achange in
environmental quality. The resultingestimatecan
be interpreted asa lower bound on WTP that may
be used in benefitsanalysis (Shogren and Crocker
1991, and Quiggin 1992).

General application of averting

behavior method

Although the first applications of the method
were directed toward values for benefits of
reduced soiling of materials from environmental
quality changes (Harford 1984 ), recent ressarch
hes primarily focused on heglth risk changes.
Conceptually, the averting behavior method
can provide WTP estimates for a variety of
other environmental benefits such as dameges to
ecological systems and materials.

Someaverting behavior studies focus on behaviors
that prevent or mitigate the impact of particular
symptoms (eg., shortness of breath or headaches),
while others have examined averting expenditures
in response to specific episodes of contamination

(eg., groundwater contamination). Thedifference
in theseendpoints is important. Because many
contaminantscan produgesimilar symptonts,
studies that estimate values for symptoms may be
moreamenable to benefit transfer than those that
areepisodespecific. The latter could potentially be
more useful, however, for assessing the benefits of
a regulation expected to reduce the probeability of
similar contamination episodes.

Considerations in evaluating

and understanding averting

behavior studies

Perceived versus actual risks. Analystsshould
remember that consumers bese their actionson
perceived benefits from defensive behaviors. Many
averting behavior studiesexplicitly acknowledge
that their estimates rest on consistency between
the consumer’s peraeption of risk reductionand
actual risk reduction. While there issomeevidence
that consumers are rational with regard to risk

— for example, consumer expenditures to reduce
risk vary positively with risk increeses — thereis
also evidence that thereare predictable differences
between consumers’ perceptionsand actual risks.
Thus, averting behavior studies can produce biased
W TP estimates for agiven change in objective
risk. Surveys may be necessary to determine the
benefits individuals perceive they are receiving
when engaging in defensiveactivities. These
perosived benefits can then be used as the object
of the valuation estimates. For example, if surveys
reveal that perceived risksare lower than expert
risk estimates, then WTP can beestimated with
the lower, perceived risk (Blomaquist 2004).

Data requirementsand implications. Data
needed for averting behavior studies include
information detailing the severity, frequency, and
duration of symptoms; exposure to environmental
contaminants; actions taken toavert or mitigate
damages; the costs of those behaviorsand
activities; and other variables that affect health
outcomes, likeage, health status, or chronic
conditions.

Separability of joint benefits Analystsshould
exercise caution in interpreting the results of
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studies that focus on goods in which there may be
significant joint benefits (or costs). Many defensive
behaviors not only avert or mitigateenvironmental
dameges, but also provide other benefits. For
example, air conditioners obviously provide
cooling in addition toair filtering, and bottled
water may not only reduce health risks, but may
also taste better. Conversely, it also is possible that
theaverting behavior may have negative effectson
utility. For example, wearing helmets when riding
bicycles or motorcycles may be uncomfortable.
Failure to account for these “joint” benefitsand
costs associated with averting behaviors will result
in biesed estimates of WTP.

Modeling assumptions. Restrictive assumptions
aresometimes needed to make averting behavior
mocdels tractable. Analysts drawing upon averting
behavior studies will need to review and assess the
implications of theseassumptions for the valuation
estimates.

7.3.1.5 Cost of lilness

A frequently encountered alternative to WTP
estimates is theavoided cost of illness (COI). The
COI method estimates the financial burden of

an illness baged on the combined value of direct
and indirect costs associated with the iliness.
Direct costs represent the expenditures associated
with diagnosis, treatment, rehabilitation, and
accommodation. Indirect costs represent the
value of iliness-related lost income, productivity,
and leisure time. COl is better suitedasa WTP
proxy when the missing components (eg., pain
and suffering) are relatively small as they usually
are in casss of in minor, acute ilinesses. However,
thereare usually better medical treatment and lost
productivity estimates for moresevere illnesses.

The COI method isstraightforward to implement
and explain to policy makers, and hasa number

of other advantages. The method has been used
for many yearsand iswell developed. Collecting
data to implement it often is lessexpensive than
for other methods, improving the fessibility of
developing original COl estimates in support of a

specificpolicy.
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Economic foundations of COI studies

Two conditions must be met for the COI method
to approximatea market value of reduced health
risk. First, the direct costs of morbidity must
reflect theeconomic value of goodsand serviges
used to treet iliness. Second, a person’searnings
must reflect theeconomic value of lost work
time, productivity, and leisure time. Because of
distortions in medical and labor markets, these
assumptions do not routinely hold. Further, COI
estimates are not necessarily equal to WTP. The
method generally does not attempt to measure
the loss in utility due to pain and suffering, and
does not account for the costs of any averting
behaviors that individuals have taken toavoid an
illness. When estimates of W TP are not available,
the potential bias inherent in relyingon COI
estimates should be acknowledged and discussed.
A second shortcoming of the COI method is that
by focusing on ex post costs, it does not capture
the risk attitudes associated with ex ante messures
of reduced health risk.

Although COl estimates do not adequately
captureseveral components of WTP, COl does
not necessarily serveas a lower bound estimate

of WTP. This is because, for some illnessss, the
cost of behaviors that allow one toavoid an iliness
might be far lower than the cost of the iliness itself.
Depending on the design of the research question,
WTP could reflect the lower avoidanae costs while
COl would reflect the higher costs of treating the
illness once it has been contracted. In addition,
COl estimates capture medical expensss passed on
to third parties such as heal th insurance companies
and hospitals, wherees W TP estimates generally
do not. Finally, COl estimates capture the value of
lost productivity (see Text Box 7.4 abowe), wheress
these costs may be overlooked in WTP estimates
— especially when derived from consumers or
employees covered by sick leave.

Availeble comparisons of COl and total WTP
estimates suggest that the difference can be large
(Roweet al. 1995). Thisdifference varies greatly
across health effects and across individuals.
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General application by type of

COI study

Prevalence-based estimates. Prevalenoe-besed
COl estimates are derived from the costs faced by
all individuals who have asickness in aspecified
time period. For example, an estimate of the

total number of individuals who currently have
asthma, as diagnosed by a physician, reflects the
current prevalence of physician-diagnosed asthma.
Prevalence-besed CO| estimates for asthma
includeall direct and indirect costs associated with
asthmawithinagiven timeperiod, such asa year.
Prevalence-based COl estimates are a messure of
the full financial burden of a disease, but generally
will be lower bound estimates of the total WTP
for avoiding the diseese altogether. They are useful
for evaluating the financial burden of policies
aimed at improving theeffectiveness of treatment
or at reducing the morbidity and mortality
associated with adiseese.

Incidence-based estimates. Bycontrast,
incidenoce-based COI estimates reflect expected
costs for new individuals who develop a dissese
inagiven time period. For example, the number
of individuals who receive a newdiagnosis of
asthma from a physician inayeer reflects the
annual incidence of physician-diagnosed asthma.
Incidence-besed CO| estimates reflectthe expected
value of direct medical expendituresand lost
incomeand productivity associated with a dissese
from the time of diagnosis until recovery or death.
Because these expenses can ooccur over an extended
time period, incidence-besed estimates are usually
discounted to the year the illness is diegnosed

and expressed in present value terms. Incidence-
besed COl estimates are useful for evaluating

the financial burden of policies that areaimed at
reducing the incidence of new cases of diseese.

Most existing COl studiesestimate indirect
costs besed on the typical hours lost fromawork
schedule or home production, evaluated at an
average hourly wage. The direct medical costs

of illnessare generally derived in one of two
ways. Theempirical approach estimates the total
medical costs of the diseese by using a databese
of actual costs incurred for patients with the
illness. The “expert elicitatior! approach usesa

panel of physicians to develop ageneric treatment
profile for the iliness. 1lIness costs areestimated by
multiplying the probability of a patient receiving
atreatment by the cost of the treatment. For any
particular application, the preferred approach will
depend on availability of religble actual cost dataas
well as characteristics of the iliness under study.

COl estimates for many illnesses are readily
available from existing studies and span a wide
range of health effects. EPA’s Cost of //iness
Hanadbook (U S. EPA 2007c) provides estimates
for many cancers, developmental illnessssand
disabilities, and other illnessss.

Considerations in evaluating and
understanding COI studies

Technological change. Medical treatment
technologiesand methods are constantly
changing, and this could push the true cost
estimate for agiven illnesseither higher or lower.
When using previous COl studies, theanalyst
should besure to research whether and how the
generally acoepted treatment has changed from the
timeof thestudy.

Messuring the value of lost productivity Simply
valuing theactual lost work time due toan illness
may not capture the full loss of an individual's
productivity in the case of a long-term chronic
iliness. Chronic iliness may forcean individual to
work less than a full-timeschedule, tekeajobata
lower pay rate than she would otherwise qualify
for asa healthy person, or drop out of the labor
force altogether. A second issue is the choice of
wage rate. Even if the direct medical costsare
estimated using individual actual cost data, it

is highly unlikely that the individual data will
include wages. Therefore, the wage rate chosen
should reflect the demographic distribution of
the illness under study. Furthermore, the value of
lost time should include the productivity of those
persons not involved in paid jobs. Homemakers’
household upkeep and childcareservices, retired
persons’ volunteeringefforts, and students’ time in
school all directly or indirectly contribute to the
productivity of society. Finally, the value of lost
leisure time toan individual and her family is not
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included in most COI studies. (See Text Box 7.5
for adiscussion of the value of time.)

7.3.2 Stated Preference

The distinguishing feature of stated preference
methods compared to revealed preference methods
is that stated preference methods rely on data
drawn from people’s responses to hypothetical
questions while revealed preference methods rely
on obeervations of actual choices. Stated preference
methods usesurveys that esk respondents to
consider one or aseries of hypothetical scenarios

Guicklines for Preparing Econamic Analyses | December 2010

that describe a potential change ina non-market
good. Theadvantages of stated preference methods
include their ability to estimate non-use valuesand
to incorporate hypothetical scenarios that closely
correspond toa policy case. The main disadvantage
of stated preference methods is that they may be
subject to systematic bieses that are difficult to test
for and correct.

National Oceanicand Atmaospheric
Administration’s (NOAA) The Report of the
NOAA Panrel on Contingent Valuation is often
cited as a primary source of information on
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stated preference techniques. Often referred to

as the “NOAA Blue Ribbon Panel,” this panel,
comprised of five distinguished economists
including two Nobel Laureates, deliberated on
the usefulness of stated preference studies for
policy analysis (Arrow et al. 1993). While their
findings generally mirror the recommendations
offered below, since the releese of their reporta
number of changes in thesurvey administration
“landscape” have occurred including the advent of
internet surveys, the decline in representativeness
of telephonesurveys, and thegrowth in popularity
of stated choiceexperiments.

7.3.2.1 Economic Foundation of Stated
Preference Methods

The responseselicited from stated preference
sunveys, if truthful, areeither direct expressions
of WTP or can be used toestimate WTP for
thegood in question. However, the “if truthful”
caveat is paramount. While many environmental
economists believe that respondents can provide
truthful answers to hypothetical questionsand
therefore view stated preference methods as useful
and reliable if conducted properly, anon-trivial
fraction of economists are moreskeptical of the
resultselicited from stated preferencesurveys.
Due to thisskepticism, it is important toemploy
validity and reliability tests of stated preference
results when applying them to policy decisions.

If theanalyst decides to conduct astated preference
suney or usestated preference results ina benefit
transfer exercise, then a number of survey design
issues should be considered. Stated preference
researchers haveattempted to develop methods

to make individuals' choiges in stated preference
studiesas consistent as possible with market
transactions. Ressonable consistency with the
framework of merket transactions isaguiding
criterion for ensuring the validity of stated
preference valueestimates. Three components of
market transactions need to be constructed instated
preferencesurveys: thecommodity, the payment,
and thescenario (Fischoff and Furby 1988).

Stated preference studies need to carefully
define the commodity to be valued, including

characteristics of the commodity such as the
timing of provision, certainty of provision, and
availability of substitutesand complements. The
definition of the commodity generally involves
identifyingand characterizing attributes of the
commodity that are relevant to respondents.
Commoedity definition also includes defining

or explaining beseline or current conditions,
property rights in the beseline, and the policy
soenarios, as well as the source of thechange in the
environmental commodity®

Respondentsalso must be informed about the
transaction context, including the method, timing,
and duration of payment. The transaction must
not be coerced and the individual should beaware
of her budget constraint. The payment vehicle
should be described asa credibleand binding
commitment should the respondent decide to
purchese thegood. The timingand duration

of apayment involves individuals implicitly
discounting paymentsand calculating expected
utility for futureevents. The transaction context
and the commodity definition should describeand
account for these temporal issues.

The hypothetical scenario(s) should be described
S0 &s to minimize potential strategic behavior such
as “freeriding” or “overpledging.” In the case of
free riding, respondents will underbid their true
WTP for agood if they feel they will actually be
meade to pay for it but believe the good will be
provided nevertheless. In the case of overpledging,
respondents pledge amounts greater than their
true WTPwith theexpectation that they will not
be made to pay for the good, but believing that
their response could influence whether or not

the good will be provided. Incentive-compatible
choiceseenariosand attribute-besed response
formats have been shown to mitigate strategic
responsss. Both are discussed below.

1t is recognized in both theexperimental
economics literatureand the survey methodology

36 Depending on the scenario, the description of the commodity may
produce strong reactions in respondents and could introduce bies.
In these cases, the detail with which the commodiity of the change is
specified needs to be balenced against the ultimate goals of the suney.
Regardless, the commodity needs to be specified with enough detail to
meke the scenario credible.
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literature that different survey formatscan elicit
different responses. Changing the wording

or order of questionsalso can influence the
responsss. Therefore, the ressarcher should
providea justification for her choice of

survey format and includea discussion of the
ramifications of that choice.

7.3.2.2 General Application by Type of
Stated Preference Study

Two main types of stated preferencesuney format
arecurrently used: direct WTP questionsand

stated choice questions. Stated choice questionscan
beeither dichotomous choice questionsor multi-
attribute choice questions. Followingageneral
discussion of survey format, each of thestated
preferencesuney formatsis described in detail below.

Goals that should guide selection of thesurvey
format include the minimization of survey costs, of
non-responsiveness, of unexplained variance, and
of complications associated with W TP estimation.
For example, open-ended questions requiresmaller
samplesizesand aresimpler to analyze than

other methods of asking the valuation question.
Theseadvantages could lead to significant cost
reductions. However, these advantages may be
mitigated by higher non-response ratesand large
unexplained variance in the responsss. Moreover,
there remainsagreat deal of uncertainty over the
effect of the choice mechanism (i.e., open-ended,
dichotomous choice, etc.) on theability and
willingness of respondents to provide accurateand
well-considered responses.

Becausesurvey formatsarestill evolvingand
many different approaches have been used in the
literature, no definitive recommendationsare
offered here regarding selection of thesurvey
format. Rather, the following sections describe
some of the most commonly used formatsand
discuss some of their known and suspected
strengths and weaknesses. Researchersshould
select a format that suits their topic, and should
strive to use focus groups, pretests, and statistical
validity tests to address known and suspected
weaknessss in the selected approach.
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Direct/open-ended WTP questions
Direct/open-ended WTP questionsask
respondents to indicate their maximum WTP
for the specific quantity or quality changes ofa
good or service that has been described to them.
An important advantage of open-ended stated
preference questions is that the answers provide
direct, individual-specificestimates of WTP.
Although this is the messure that economists
want to estimate, early stated preference studies
found that some respondents had difficulty
answering open-ended WTP questionsand non-
response rates to such questions were high. Such
problems are more common when the respondent
is not familiar with the good or with the idea of
exchangingadirect dollar payment for the good.
Anexample of astated preferencestudy using
open-ended questions isBrown et al. (1996).

Various modifications of the direct/open-ended
WTP question format have been developed inan
effort to help respondentsarriveat their maximum
WTPestimate. In iferative bidding respondentsare
asked if they would pay some initial amount, and
then theamount is changed up or down depending
on whether the respondent says “yes” or “no” to the
first amount. This continues untilamaeximum WTP
is determined for that respondent. Iterative bidding
hes been shown to suffer from “starting point bies,”
wherein respondents’ maximum WTPestimatesare
systematically related to the dollar starting point in
the iterative bidding process (Roweand Chestnut
1983, Boyleet al. 1988, and Whitehead 2002). A
payment card isalist of dollar amounts from which
respondents can choose, allowing respondentsan
opportunity to look over a range of dollar amounts
while they consider their maximum WTP. Mitchell
and Carson (1989) and Roweet al. (1996) discuss
concerns that the rangeand intenvals of thedollar
amounts used in payment card methods may
influence respondents’ WTPanswers.

Stated choice questions

While direct/open-ended WTP questionsare
efficient in principle, researchers have generally
turned to other stated preference techniquesin
recent years. This is largely due to the difficulties
respondents face inanswering direct WTP
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questionsand the lack of essily implemented
procedures to mitigate these difficulties. Researchers
also have noted that direct WTP questions with
various forms of follow-up bidding may not be
“incentive compatible.” That is, the respondents
best strategy in answering these questions is not
necessrily to be truthful (Freeman 2003).

In contrest to direct/open-ended WTP questions,
stated choice questionsask respondents to choose
asingle preferred option or to rank options from
two or more choiges. When analyzing the data the
dependent varigble will be continuous for open-
ended WTP formatsand discrete for stated choice
formats.¥ In principle, stated choice questions can
be distinguished along three dimensions:

« The number of alternativesesch responcknt can
chaose from ineach ChoieSENario — Srveys
rray offer only two alternatives (eg., yes/no,
or “live inarea A orarea B); two alternatives
with an additional option to choose “don’t
know” or “don’t care;” or multipleahernatives
(eg, “chooszoption A, B, or C”).

« Thaurnber of attributes varied accssalternatives
ineschchoige question (otter than pric) —
alternatives may be distinguished by variation in
onlyasingleattribute (eg., mortality risk) or by
variation inmultipleattributes (eg., price, water
cuiality, air quality, etc.).

« The number of cholee senarics an individual is
asted foevaluate through thesurvey,

Any particular stated choice survey design could
combine these dimensions in any given way.

For example, asurvey may offer two optionsto
choose from in each choice scenario, vary several
attributes across the two options, and present eech
respondent with multiple choice scenarios through
the course of thesurvey. Using the taxonomy
presented in these Guidelines, acomplete (though
cumbersome) description of this format would
be a dichotomous choice/ multi-attribute/

37 Some researchers use the term “contingent valuetion” to refer to
direct WTP and dichotomous choice/referendum formets and “stated
preference” to refer to other stated choice formets. In theseGuicklines
the term “stated preference” is used to refer to all valuation studies
besed on hypothetical choices (including open-ended WIP and stated
choice formrats), as distinguished from “revealed preference.”

multi-scenariosurvey. Thestatistical strategy for
estimating WTP is largely determined by the
sunvey format adopted, as described below.

Theearliest stated choice questions weresimple
yes/no questions. These were often called
referendum questions because they were often
posed s, “VWould you vote for . . ., if the cost

to you were $X?” However, these questionsare
not always posed asa vote decision and are now
commonly called dichotormous choice questions.

In recent years, stated preference researchers

have been adapting a choice question approach
used in the marketing literature called conjoint
analysis. Theseare more complex choice questions
in which the respondent isasked repeatedly to
pick her preferred option froma list of two or
more options. Each option representsa package
of product attributes. By incorporatingadollar
price or cost ineach option, stated preference
researchersare able to extract W TP estimates

for incremental changes in theattributes of the
good, based on the preferences expressed by the
respondents. Holmesand Adamowicz (2003) refer
to thisas attribute-based stated choie.

Dichotomous choice WTP questions.
Dichotomous choice questions present
respondents with aspecified environmental change
costing aspecific dollar amount and then ask
whether or not they would be willing to pay that
amount for thechange. The primary advantage of
dichotomous choice WTP questions is that they
areessier toanswer than direct WTP questions,
because the respondent is not required to
determine her exact WTP, only whether it isabove
or below the stated amount. Sample mean and
median WTP values can be derived from analysis
of the frequencies of the yes/no responses toeach
dollar amount. Bishop and Heberlein (1979),
Hanemann (1984), and Cameronand James
(1987 describe the necessary statistical procedures
for analyzing dichotomous choice responses using
logit or probit models. Dichotomous choice
responsss will reveal an interval containing WTP
and in the case of a 'yes’ response this interval

will be unbounded from above. Asa result,
significantly larger ssmplesizesare needed for
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dichotomous choice questions to obtain thesame
degree of statistical efficiency in thesample means
as direct/open-ended responsss that reveal point-

values for WTP (Cameron and James 1987).

To increese the estimation efficiency of
dichotomous choice questions, recent applications
have commonly used what is called a double-
bounded approach. In double-bounded questions
the respondent is asked whether she would be
willing to pay asecond amount, higher if she

said yes to the first amount, and lower if shesaid
no to the first amount.® Sometimes multiple
follow-up questionsare used to try to narrow the
interval around WTP even further. These begin

to resemble iterative bidding style questions if
many follow-up questionsareasked. Similar to
starting point bies in iterative bidding questions,
theanalyses of double-bounded dichotomous
choice question results suggest that the second
responses may not be independent of the first
responses (Cameron and Quiggin 1994, 1998; and
Kanninen 1995).

Multi-attribute choice questions. In multi-
attribute choice questions, respondentsare
presented with alternative choices that are
charecterized by different combinations of
goodsand servicesattributesand prices. Multi-
attribute choice questionsask respondents to
choose the most preferred alternative (a partial
ranking) from multiplealternative goods (ie.,
achoieeset), in which thealternativeswithina
choiceset are differentiated by their attributes
including price (Johnson et al. 1995and Roe
et al. 1996). Theanalysis takesadvantage of the
differencesin theattribute levelsacross the choice
options to determine how respondents value
marginal changes in eech of theattributes. To
messure WTP, a price (often a tax or ameesure
of travel costs), is included in multi-attribute
choice questions as one of theattributes of
eech alternative. This priceand the mechanism
by which the price would be paid need to be
38 Alberini (1995 illustrated an analysis gpproach for deriving WIP
estimates from such responses and demonstrates the increased
efficiency of double-bounded questions. The same study showed that
the most efficient range of dollar amounts in a dichotomous choice

study design wes one thet covered the mid-range of the distribution
and did notextend very far into the tails at either end.
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explained clearly and plausibly, as with any
payment mechanism in astated preference study.
Boyleand Ozdemir (2009) examine the impact
of question design choices, such as the ordering
of attributesand the number of alternativesina
single question, on the mean W TP estimate.

Thereare many desirable aspects of multi-
attribute choice questions, including the nature
of the choice being made. To choose the most
preferred alternative from someset of alternatives
isacommon decision experience in posted-price
markets, especially when one of theattributes of
thealternatives isa price. One can argue that such
a decision encourages respondents to conoentrate
on the trade-offs between attributes rather than
taking a position for or against an initiative or
policy. This type of repeated decision process may
also diffuse the strongemotions often associated
with environmental goods, thereby reducing

the likelihood of yea-saying or of rejecting the
premise of having to pay for an environmental
improvement.* Presenting repeated choicesalso
gives the respondent some practice with the
question format, which may improve the overall
accuracy of her responses, and gives her repeated
opportunities toexpresssupport for aprogram
without always selecting the highest price option.

Someapplications of multi-attribute survey
formats include Opaluch et al. (1993), Adamowicz
etal. (199%4), Viscusiet al. (1991), Adamowicz
etal. (1997), Adamowiczet al. (1998a), Layton
and Brown (2000), Johnson and Desvousges
(1997), Boyleet al. (2001),and Moreyet al.
(2002). Studies that investigate the effects of
multi-attribute choice question design parameters
include Johnson et al. (2000) and Adamowiczet
al. (1997).

7.3.2.3 Considerations in Evaluating
Stated Preference Results

Survey mode. Themode used to administer
asuney isan important component of survey
research design because it is the mechanism by

39 Yea-saying refers to the behavior of respondents when they overstate

their true WP in order to show support for a situation described in
survey questions.
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which information is conveyed to respondents,
and likewise determines the way in which
individuals can provide responses for analysis.
Until recently there were three primary survey
modes: telephone, in-person, and mail. Telephone
surveysare primarily conducted with a trained
interviewer using random digit dialing (RDD)

to contact households. In-person surveysare
conducted inavariety of ways, including door-
to-door, interogptsat public locations, and via
telephone recruiting toacentral facility. Mail
sunveysare conducted by providing written survey
materials for respondents to self-administer. As
technology and society has changed, so has the
preference for one mode over the other. With

the influx of market resesarch and telemarketing,
the telephone has become a less convenient way
to administer surveys. Many people refuse to
answer the phone, or to answer questions over
the phone. Thesame can besaid of mail surveys.
Peopleare quick to ignore unsolicited mail. In
recent years the Internet hasemerged asa possible
mode for conductingsurveys. Internet acoessand
email acocounts are more prevalent and computer
literacy is high in the United Statesand other
developed countries. Aswith all of thesurvey
modes mentioned, thereare inherent biesss. These
biesss are generally classified associal desirability
bias, sample frame bias, avidity bies, and non-
response bias. See Maguire (2009), Loomisand
King (1994), Mannesto and Loomis (1991),
Lindbergetal. (1997), and Ethier et al. (2000) for
adiscussion of different biases in survey mode.

Framingissues. An important issue regarding
survey formats is whether information provided in
the questions influences the respondents’ answers
in one way or another. For example, Cameron
and Huppert (1991) and Cooper and Loomis
(1992) find that mean WTP estimates besed on
dichotomous choice questions may besensitive
to the ranges and intervals of dollar amounts
included in the WTP questions. Kanninen and
Kristrédm (1993) show that the sensitivity of
mean WTP to bid values can be caused by model
misspecification, failure to include bid values that
cover the middle of the distribution, or inclusion
of bids from theextreme tails of the distribution.

Selection of payment vehicle. The payment
vehicle in astated preferencestudy refers to the
method by which individuals or households
would pay for the good described in a particular
suney instrument. Examples include increeses

in electricity prices, changes in cost of living, a
one-time tax, or adonation toaspecial fund. It is
imperative that the payment vehicle is incentive
compatibleand does not introduce any strategic or
other bias. Incentive compatibility means that the
individual is motivated to respond truthfully and
does not use their responsss to try to influencea
particular outcome (eg., statea WTP value that is
higher than their true WTP to try to mekesurea
particular outcome sucoeseds).

Strategic behavior. Adamowiczet al.(1998a) also
suggests that respondents may be less likely to behave
strategically when responding to multi-attribute
choiceexperiments. Repeatedly choosing fromsaveral
optionsgives the respondent some practicewith

the question format that may improve the overall
accurecy of her responses, and gives her repeated
opportunities toexpresssupport for a program
without always selecting the highest price option.

Yea-saying. As mentioned above, yearsaying refers
to the behavior of respondents when they overstate
their true WTP in order to showsupport for
situation described in survey questions. Forexample,
Kanninen (1995) findssome evidence of yearsaying
in dichotomous choice responsss through testing

in follow-up questions. Theextent of this potential
problem is not well established, but it may provide
anexplanation for the fact that mean WTP values
besed on dichotomous choice responsss tend to be
equal to or higher than values from direct WTP
questions for thesame good (Cummingset al. 1986,
Boyleet al. 1993, Brownet al. 1996, Ready et al.
1996, and Balistreri etal. 2001). It hes not been
determined whether yeasaying can be reduoed

by double-bounded dichotomous choice because

in this case the respondent hes more than one

opportunity tosay yes.

Treatmentof “don’tknow” or neutral responses.
Based on recommendations from the NOAA Blue
Ribbon parel (Arrowet al. 1993), many suneys
now include “don’t know” or “no preference”
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options for respondents to choose from. There
have been questionsabout how such responses

of validity discussed below are: content validity,
criterion validity, and convergent validity.

should enter theempirical analysis. Examining
referendum-style dichotomous choice questions,
Carsonetal. (1998) found that when those who
chose not to vote were coded as “no” responses,
the mean WTP values were thesameas when the
“would not vote” option was not offered. Offering
the “would not vote” option did not change the
percentage of respondentssaying “yes”. Thus, they
recommend that if a “would not vote” option
isincluded, it should be coded asa “no” vote,
apractice that has become widespread. Stated
preference studies should always be explicit about
how they treat “don’t know,” “would not vote,” or
other neutral responsss.

Reliability, ingeneral terms, means consistency or
repeatability. 1fa method is used numerous times
to messure the same commodity, then the method
is considered more religble the lower the variability
in the results.

« Test-retest approach. Possibly the most
widely applied appreech for essessing
religbility instated preference studies has been
the test-retest approach. Test-refest sssesses
the variability of a messure between different
time periods. Loomis (1989), Teisl etal.
(1985), McConnell et al. (1998), and Hoban
and Whitehead (1999) all provideexamples
of the test-retest method for relisbility.

« Meta-analysis of stated preference survey
results for the same good also may provide
evidence of reliability. Meta-analysis
evaluates multiple studies as though each
was constricted to messure thesame
phenomenon. Meta-analysis attempts tosort
out the effects of differences in the valuation
approach used in different surveys, along with
other factors influencing theelicited value.
For example Boyleet al. (1994) use meta-
analysis to evaluate eight studies conducted to
meesure values for groundwater protection.
(AlsoseeSection 74.)

Validity testsseek to assess whether WTP
estimates from stated preference methods behave
asa theoretically correct WTP should. Three types

« Content validity. Content validity refers to
theextent to which theestimate captures the
concept beingevaluated. Content validity is
largaly asubjective evaluation of whether a
study has been designed and executed inaway
that incorporates theessential characteristics
of the WTP concept. Inasense, it isakin to
asking, “On the face of it, does theestimate
capture theconcept of WTR? (Thisapproach
issometimes referred toas “face validity.”)

Toevaluateasurey instrument, analysts
look for features thet researchers should have
incorporated into the survey scenario. First,
theenvironmental change being valued should
beclearly defired. A careful exposition of
theconditions in the beseline case and how
these would beexpected to change over time
if noaction were taken should be included.
Next, theaction or policy change should

be described, including an iltustration of
how and when it would affect aspects of the
environment that people might careabout.
Boyd and Barzahf (2007), and Bovd and
Krupnick (2009) puta finer point on this
concept and acdvocate developing the valuation
seenario based on “ecological endpoirnts”
rather than intermediate goods that are less
clearly associated with outcormes of interest.
Forexample, if respondents ultimately care
about thesurvival of a cerfain species, it

is moresensible to structure questiors to

ask about WTP for the species’ survival

than to ask about degradation of habitat,

a8 respondentsare unlikely to know the
refationship between habitat attributes and
species survival, Respondent attitudes about
the provider and the implied property rights
of thesurvey scenario can be used toevaluate
theappropriateness of features related to

the payrment mechanism (Fischhoff and
Furby 1988). Survey questions thet probe for
respondent comprehension and acceptance of
thecommodity soenario can offer important
indicationsabout the validity of the results
(Bishopetal. 1997).
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« Criterionvalidity. Criterion validity assesses
whether stated preference results relate to
other messures that are considerad to be
cieser to the concept being assessed (WTP).
Ideglly, one would compare results froma
stated preferencestudy (the messure) with
these from actual market data (the criterion).
This is because market data can be used to
estimate WTP more religbly than astated
preferencesurvey. Another approach would
be toestimateasample of individuals” WTP
for acommodity using astated preference
aurvey and then later give the same sample of
indlividuals or a different random sample of
individugls drawn from thesarme population
areal opportunity to buy thegood. (See
Mitchell and Carson 1988, Carson et al.
1987a, Kealy et al. 1990, Brown et al. 1996,
and Charnp et al. 1997 for examples.)

When unable to conduct such comparisons,
sensitivity toscopeand income has been

used toassess criterion validity. “Soope tests”
are concarned with how WTEF responck to
changes in theamount of the referenced good
provided in the valuation scenario (Smith
and Osborne 1996, Rollinsand |.yke 1988,
and Heberlien et al. 2008). If the referenced
geod is indead a “normal good” utility theory
implies that W TP should increage with the
provision of thegood. For thesame resson
onewouldexpect WTP toexhibit positive
incomeelasticity (McFadden 1994, and
Schiapfer 2006). Neither test is necessary

or sufficient toestablish criterion validity
(Heberleinetal. 2005) but canserve as useful
proxies when an alternate messure of WTF
for thesame good is unavailable. Diamond
(1998) suggests that stronger scope tests can
be conducted by cornparing departures from
strict “adding up” of WTP for partial changes
and relating them to the incomeelasticity of
WTP. Other ressarchers, however, argue that
the Diamond test may not be practiceble or
even necessarily correct (Carson et al. 2001).

» Convergent validity. Convergent validity
examires the relationship betwean different

messunes of a concept ® This differs from
criterion validity in that one of the messures
is not taken asa criterion upon which o judge
the other messure. The measure of inferest
and the other messure are judged together to
apsess consistency with oreanother. If they
differ inasystematic way (eg., one is usually
larger than another for thesame good), itis
not clear which one is more correct. However,
if stated preference results are found to be
larger than revealed preference results for
thesamegood, it is often presurmed that

the difference is the result of hypothetical

bies because revesled preference resulisare
besed onactual behavior. Therecan be many
other sources of bissand error in both stated
preferenceand revesled preference resulls that
cauge them to differ from oneanother and
from “true” WTF.

Empirical convergent validity tests use
comparisons of stated preference results with
revesled preference or experimental results
that are thought to be fres of hypothetical
biss ! Insorme circumstances, convergent
validity tests may be incorporated es part of
thestudy design. Such a test might compare
resils of an actual market exercise with the
resilts of ahypothetical market exercise in
which theexercisss are otherwise identical.
In this cage there might beevidence of an
upward or downward bias in the hypothetical
resulis as compared to thesimulated market
resilts. See Section 7.3.3 for a discussion on
combining revesled preference and stated
preference data.

Hypothetical bias occurs when the responses
to hypothetical stated preference questionsare

40 Mitchell and Carson (1989) define convergent validityand theoretical
validity as two types of construct validity. Construct validity examines
the degree to which the measure is related to other measures as
predicted by theory.

41 Some analysts include the comparisons of stated preference results
to actual merkets under convergent validity rather then criterion
validity, as discussed in the previous section, because there is no
actual observable measure of the theoretical constructWTP Here,
adistinction is mede between simulated merkets, as ina laboratory
experiment in which values may be “induced” by giving subject cash
at the end based on their choices, and actual merkets in which subjects
must pay with their own money.
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systematically different than what individuals
would pay if the transactions were to actually
occur. Widely cited as one of the most common
problems with thestated preference method (List
and Gallet 2001, and Murphyand Allen 2005),
and researchers have made advances in techniques
to minimizesuch bies. These techniquesinclude
the use of “cheap talk” methods to directly tell
respondentsabout the potential for hypothetical
biss (Cummingsand Taylor 1999, and List
2001); calibrating hypothetical values (List and
Shogren 1998, and Blomaquist et al. 2009); and
allowing respondents to express uncertainty in
their responsesand restricting the set of positive
responses to thoseabout which the respondent
was most certain (Vossler et al. 2003). Several
studies have shown that attribute-besed choice
experiments reduce hypothetical bias in the bid
amountsand the marginal value of attributes
relative to other elicitation methods (Carlsson and
Martinsson 2001, Murphy and Allen 2005, and
Listet al. 2006).

Tests for hypothetical biss often involvea
comparison of actual paymentsand responsss

to hypothetical scenarios that use thesame
solicitation gpproach. Theactual payments
typically occur in one of three scenarios. Market
transactionsare the most common (Cummingset
al. 1995, and List and Shogren 1998) but generally
involve payments for private goods while most
stated preference applicationsare concerned with
public or quasi-public goods. Simulated markets
can be used to solicit actual donations for public
good provision (Champet al. 1997). However,
donation solicitations are subject to free riding,
so while it may be possible to test for hypothetical
bias using thisapproach, both theactual and
hypothetical payment soenarios lack incentive
compatibility and may not represent total

WTP. In rare instanoss comparisons have been
made between actual referenda for publicgood
provision and hypothetical responses to thesame
scenario but the conditions for a valid comparison
of thissort areexasedingly difficult tosatisfy
(Johnston 2006).

Non-response bias is introduced when non-
respondents would have answered questions

Chapter 7 Analyzing Benefits

systematically differently than those who did
answer. Non-response bias can take two forms:
item non-response and survey non-response.

» [ tem non-response bias occurs when
respondents who egresd fo take thesurvey
do not answer all of the choice questions
inthesurvey. Information availeble about
responclents from other questions they
answered can support an aesessment of
potential item non-response bias for the WTP
questions that were unanswered. The key issue
iswhether there weresystematic differences
in potential WTP-related characteristics of
those who arswered the WTP questions
and these who did not. Characteristics of
interest include income, gender, ege, expressed
attitudes and opinionsabout the good or
service, and information reported on current
useor familiarity with the good or service,
Statistically significant differences may
indicate the potential for item non-responge
bigs, while finding no such differences
sugeests that the chance of significant non-
responge bigs is lower. However, the results of
this comparison are only suggestive because
respondents and non-respondents mey only
differ in their preference for thegood in
question (McClelland et al. 1991).

Survey non-response bies is created when
those who refuse to take thesurnvey have
preferences that are systematically different
from the preferences of those who do respond.
Although it isgenerally thought that surneys
with high responee rates are less likely to
auffer fromsurvey non-response biss, it is not
aguarantea.? For survey non-respondents,
there may be no available data to determine
how they might systematically differ from
those who responded to thesurvey. The

42 Note thet OMB's Guidance on Agency Survey and Statistical
Collections (QVIB 2006) hes fairly strict requirements for response
rates and their calculation for Agency-sponsored sunveys,
recommending thet “ICRs for sunveys with expected response rates
of 80 percent or higher need complete descriptions of the basis of the
estimated response rate...ICRs for surveys with expected response
rates lower than 80 percent need complete descriptions of how the
expected response rate wes determined, a defailed description of steps
that will be taken to meximize the response rate...and a description of
plans to evaluate non-response bias” (pp. 60-70).
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most common approach is toexamine the
refevant messurable characteristics of the
regpondent group, such as income, resource
use, gender, age, etc., and to compare therm to
the characteristics of the study population.
Similarity in mean characteristics across the
two groups suggests that the respondents

are representative of thestudy population
and that non-resporee bias isexpected to be
minimal.

Asecond way to evaluate potential survey
non-response bies is to conduct ashort
follow-up survey with non-respondents. This
can sometimes be accomplished through
interviews conducted during the recruiting
phese. Such follow-ups typically esk a few
questions about attitudesand opinions on
the topic of thestudy as well as collecting
besic sociceconomic information. Questions
need to match those in the full survey closely
enough to compare non-respondents to
respondents. The follow-up must be very brief
or response rates will be low (OMB 2006).

7.3.3 Combining Revealed and
Stated Preference Data

Instead of looking at revealed preferenceand
stated preference data as two separate methods
for estimatingenvironmental benefits, an
incressing number of researchersare using them
in combination. The practice hes been in use
much longer in the marketingand transportation
literatureand many of the lessons learned by
those researchersare now beingemployed in
environmental economics. In theory, thestrengths
of eech data typeshould help overcomesome

of the weaknesses of the other. As described by
Whitehead et al. (2008) in a recent assessment

of thestate of thescience, the advanteges of
combining revealed preference and stated
preference data include:

« Helping to ground the hypothetical stated
preference data with real world behavior
potentially decressing any hypothetical bias,

« Providing the:ability to test the validity of
both datasources;®

« Incressing the range of historical stated
preference data to include conditions not
obaerved in the pest and thereby reducing the
need to make predictions outside of thesample;

« Increesing thesample size;

asize of the market or
population to include larger ssgments thain
captured by either method alone; and

» Exploiting the flexibility of stated preference
experimental design to overcome revealed
preference daters potential multicollinearity
andendogeneity problerms (von Haefen and
Phaneuf 2008).

The different strategies for combining revealed
preferenceand stated preference datacan be

roughly grouped into threemain methods. The

first two methods rely on joint estimation. If the
revealed preferencsand stated preference data have
similar dependent and independent variablesand
thesameassumed error structures, then they can
simply be pooled together and treated asadditional
observations (Adamowiczet al. 1994; Boxall, Englin,
and Adamowicz 2003; and Morgen, Massey, and
Huth 2009). If the revealed preferenceand stated
preference datasouroes cannot be pooled, it is
sometimes possible to use them inajointly estimated
mixed model that reliesonautility theoretic
specification of the underlying WTP function
(Huang, Haeb, and Whitehead 1997; Kling 1997;
and Eomand Larson 2006). If the datacannot be
combined inestimation, it canstill be useful to
estimate resulisseparately and then use them to test
for convergent validity between the two datasourass
(Carsonetal. 1996, and Schigpfer etal. 2004).

« Extending the
"o

7.4 BenefitTransfer

Benefit transfer refers to the use of estimated non-
market values of environmental quality changes
from onestudy in theevaluation of adifferent
policy that is of interest to theanalyst (Freeman
2003, p.453). The case under consideration fora

43 Herriges, Kling, and Phaneuf (2004) point out thet revealed preference
may not always be valid for estimating VTP for quality chenges when
weak complementarity cannot be assured.
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new policy is referred to as the “policy case.” Cases
from which estimatesare obtained are referred to
a8 “study cases.” A benefit transfer study identifies
stated preference or revealed preferencestudy cases
that sufficiently relate to the policy context and
“transfers’ their results to the policy case.

Benefit transfer is necessary when it is infessible to
conduct an original study focused directly on the
policy case. Original studiesare time consuming
and expensive; benefit transfer can reduce both the
timeand financial resouraes required to develop
estimates of a proposed policy’s benefits While
benefit transfer should only be used as a lest resort
and aclear justificationfor using thisapproach over
conducting original valuation studies should be
provided (OMB 2003), the reality is that benefit
transfer is one of the most common approaches
for completingaBCA at EPA. However, the
advantages of benefit transfer in terms of time
and cost savings must be weighed against the
disadvantages in terms of potential reduced
reliability of the final benefit estimates. The
transfer of benefits estimates from any singlestudy
cae is unlikely to beasaccurate asa primary study
tailored specificallyto the policy case, although it is
difficult to characterize the uncertainty associated
with transferred benefitsestimates.

The number and quality of relevant studies
available for application to the policy case can
limit the use of benefit-transfer methods* Even
when astudy cese is qualitatively similar to the
policy cese, theenvironmental change associated
with the policy case may be of a different scope
or nature than the changes considered in the
study cases. In addition, methodological advancss
and changes in demographic, economic, and
environmental conditions over time may make
otherwise suitable studies obsolete.

44 Ore possible reason that a relatively limited number of value estimetes
exist in peer-reviewed literature is thet researchers and editors of
scholarly journals may be more interested in new theoretical or
methodological advances then in studies thet apply established
valuation methods to confirm earlier findings.

45 A 2006 special issue of Ecological Economics (volume 60) focused
exclusively on benefit fransfer for environmental policy, covering
diverse topics such as publication bias, theoretical motivation and
emerging issues. Florax et al. (2002), and Navrud and Ready (2007)
are two general references for berefit transfer studies.
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Steps for conducting benefit transfer

While there is no universally acoepted single
approach for conducting benefit transfer thereare
some generalized steps involved in the proosss.
Thesestepsare described below.

1. Describe the policy cese. Thefirststepin
abenefit-transfer study is to clearly describe

the policy caeso that its characteristicsand
consequenass arewell understood. Are human
health risks reduced by the policy intervention?
Areecological benefitsexpected (eg., increeses

in populations of species of conaern)? It isalso
important to identify to theextent possible

the beneficiaries of the proposed policyand to
describe their demographic and sociosconomic
charecteristics (eg., usersof a particular set of
recregtion sites, children living in urban aress, or
older adultsacross the United States). Information
on theaffected population isgenerally required to
translate per person (or per household) values toan
aggregate benefits estimate.

2. Select study cases. A benefit-transfer study
isonly as good as the study cases from which it
isderived, and it is therefore crucial that studies
be careful ly selected. First, theanalyst should
identify potentially relevant studies by conducting
acomprehensive literature search. Because peer-
reviewed academic journals may be more likely to
publish work using novel approaches compared
toestablished techniques, some studies of interest
may be found in government reports, working
pepers, dissertations, unpublished research, and
other “gray literature.™ Includingstudies from the
gray literature may also help mitigate “publication
bies” that results from researchers being more
likely to present and/or editors being more likely
to publish studies that demonstrate statistically
significant results, or results that are of an expected
sign or magnitude.¥” Onlinesearchable databeses
46 Peer review of benefit-transfer studies using gray literature is highly
acvisable.

47 There is some evidence of publication bias towards studies showing
stetistically significent results. For example, in ametarenalysis of studies
in labor economics, Card and Krueger (1995) argue thet just-significant
resulis are reported more frequently then would be predicted by chence.
Similar practioes mey prevail in other areas of economic research.
Combining results froma group of studies thet suffer from publication
bies may leed to ineccurate conclusions. See Stanley (2005, 2008) fora
discussion of methods to correct for and icentify publication bies.
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summarizing valuation ressarch may be especially
helpful at thisstage.®

Next, theanalyst should develop anexplicitset of
selection criteria toevaluateeach of the potentially
relevant studies for quality and gpplicability to

the policy cage. The quality of the valueestimates
in thestudy cases will in large part determine the
quality of the benefit transfer. Asafirst step, the
analyst should review studiesaccording to the
criteria listed for each methodology in the previous
sectionsin this chapter. Results from study cases
must be valid as well as relevant. Concernsabout
the quality of thestudies, as opposed to their
relevance, will gererally hinge on the methods
used. Valuation approaches commonly used in the
pest may now be regarded as unacoeptable for use
in benefitsanalysis. Studies besed on ingppropriate
methods or reporting obsolete resultsshould be
removed from consideration.

It is unlikely that any single study will match
perfectly with the policy case; however each
potential study caseshould informat least

some aspect of the policy decision. Study cases
potentially suitable for use in benefit transfer
should besimilar to the policy case in their: (1)
definition of theenvironmental commodity
being valued (includescaleand presence

of substitutes); (2) baselineand extent of
environmental changes; and (3) characteristics
of affected populations. Analystsshould avoid
using benefit transfer in cases where the policy
or study cese is focused on a “good” with unique
attributes or where the magnitude of the change
or improvement across the two cases differs
substantially (OMB 2003).%

48 Forexample, the EVR! is maintained by Environment Caneda and
menaged by aworking group thet includes the U.S. EPAand members
of the European Union. EVRI contains over 1,100 studies thet can
be referenced according to medium, resource, stressor, method,
and country. BRI also provides a bibliography on berefit transfer.
See wwweevri.ca for more information. Envalue, developed by the
New SouthWales BPA in 1995, is similar: Studies can be identified
according to medium, stressor, method, country, and author.

49 In some cases the transfer method itself may inform the choice of study
cases to include. For example, meta-analysis approaches (discussed
below) can fecilitate some forms of stetistical validity testing (Hunter
and Schmidt 1990, and Stanley 2001), so some otherwise suitable
studies mey be rejected as “outliers.”

Theanalyst should determine whether adjustments
should and can be made for important differences
between each study and policy case. Forexample,
some case studies will report Marshallian demand
while others may report Hicksian demand® The
ability of theanalyst to make these adjustments
will depend, in part, on both the number of value
estimates for suitably similar studysitesand the
method used to combine theseestimates. These
methodsare now discussed in turn.

3. Transfer values. Thereareseveral approaches
for transferring values from study cases to the
policy cage. These include unit value transfers,
value function transfers, and non-structural or
structural meta-analysis. Each of theseapproaches
is typically used to develop per person or per
household value estimates that are then aggregated
over theaffected population to computea total
benefitsestimate. Asageneral rule, the more
related case study estimates involved in abenefit
transfer, the more reliable the estimate.

Unit value transfersare the simplest of the benefit-
transfer approaches. They takea point estimate
of WTP for aunit change in theenvironmental
resource from astudy case or casss and apply it
directly to the policy case. The point estimate
iscommonly asingleestimated value froma
single casestudy, but it can also be the (otherwise
unadjusted) average of asmall number of estimates
from a few case studies. For example, astudy may
have found a W TP of $20 per household fora
one-unit increese on some water qualityscale. A
unit value transfer would estimate total benefitsfor
the policy case by multiplying $20 by the number
of units by which the policy isexpected to increase
water quality and by the number of households
who will benefit from the change. Thisapproach
can be useful for developing preliminary, order-
of-megnitude estimates of benefits, but it should
be possible to bese final benefit estimates on more
50 See Desvousges et al. (1992), Brouwer (2000), Florax et al. (2002),
Bergstromand Taylor (2006), and Navrud and Ready (2007) for
additional information on criteria used to determine quality and
applicability. For more informeation on applicability as related to
specific benefit categories, see Desvousges et al. (1998), the draft
Handbook for Non-Cancer Valuetion (US. EPA2000c), and the
Children’s Health Valuation Harabook (US. EPA 2003b). It may also

be useful for the analyst to discuss her interpretation and intended use
of the study case with the originel authors.
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Text Box 7.6 - The Benefits and Costs of the Clean Air Act 1990 to 2010:
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information than asmgle pomt estimate froma
singlestudy. Point estimates reported instudy cases
are typically functions of several varigbles, and
simply transferringasummary estimate without
controlling for differencesamong these variables
can yield inaccurate results. It is important to
recognize that unit value transfer assumes that
the original good, as well as the characteristics
and testes of the population of beneficiaries, are
thesameas the policy good. Unit values transfers
should only be used if the caseand policy studies
areevaluating thesameenvironmental good, the
same change inenvironmental levels, and same
affected populations.

Function transfersalso rely on asinglestudy,

but they use information on other factors that
influence WTP toadjust the unit value for
quantifiable differences between thestudy case
and the policy case. This isaccomplished by
transferring theestimated function upon which
the value estimate in thestudy case is besed to the
policy cage. Thisapproach implicitly assumes that
the population of beneficiaries to which the values
are being transferred has potentially different
charecteristics, but similar testes, as the original
oneandallows theanalyst to adjust for these
different characteristics. Generally, benefit function
transfersare preferable to unit value transfersas
they incorporate information relevant to the policy
scenario (OMB 2003). For example, suppose that
in the hypothetical example above the $20 unit
value wes the result of averaging the results of an
estimated WTP function over all individualsin

Guicklines for Preparing Econamic Analyses | December 2010

thestudy mesample, where the WTP function
included income, the beseline water quality level,
and the change in the water quality level for each
household. A function transfer would estimate
total benefits for the policy case by:

1. Applying the WTP function to a random
sample of households affected in the policy
cage using eech household's obeerved levels
of income, beseline water quality, and water
quality change;

2. Avergging the resulting W TR estimates; and

3. Multiplying thisaverape WTP by the totel
number of houssholds affected in the policy caee.

See Text Boxes 7.6 and 7.7 for examples of value
and function transfers.

If the WTP function is nonlinear and statistics
on average income, beseline water quality, and
water quality changesare used in the transfer
instead of household level values, then bias would
result. Feather and Hellerstein (1997) provide
anexample of a function transfer that attempts
to correct for such bies. Although unit transfers
can adjust and compensate for small differences
between the caseand policy study populations,
they aresubject to thesame besic usage rules
governing unit value transfers. Function transfers
should only be used if the caseand policy studies
areevaluating very similar environmental goods,
change inenvironmental levels, and affected
populations.
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Text Box 7.7 - Benefits Transfer: Water Quality Benefits in the Combined
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Meta-analysis usess results from multiple valuation
studies toestimatea new transfer function. Meta-
analysis isan umbrella term for asuite of techniques
that synthesize thesummary results of empirical
research. This could includeasimple ranking of
results toacomplex regression. The advantage of
these methods is that they aregenerally egsier to
estimate while controlling for a relatively large
number of confounding variables. Thisapproach
has been widely used inenvironmental economics
(Poeet al. 2001, Shresthaand Loomis 2003a

and 2003b, Rosenberger and Loomis 2000, and
Bateman and Jones 2003).

Thereareanumber of guidelines for metar-analysss
that outline protoools that should be followed in
oonductingorevaluatingastudy. See Baggetal.
(1996), Moheretal. (1999),and U.S EPA (2006e)

for more informetion.5! More recently Bergstrom
and Taylor (2006) discuss the theory and prectice
underlying metaranalysis for benefit transfer,
disaussing three major necessary steps: theory, data
oollection, andanalysis. Ingeneral, when reporting
meta-analysis results, ressarchersshould provide
information on the beckground of the problem, the
strategy for selectingstudies, analytic methods, results,
discussion, and conclusions. See U S. EPA (2006e)
foradetailed discussion of metaanalysisas applied
to VSL estimates. U S. BPA (2006e) specifically
recommends carefully specifying thesearch process,
selection criterig and analytical methods.

Structural benefit transfer isarelatively new
approach to benefit transfer. Theadvantages of

51 The lest reference contains a detailed discussion of the protocols for
conduction ameta-arelsysis.
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structural transfer functionsare that they can
accommodate different types of economic value
messures (eg., WTP, WTA, or consumer surplus)
and can be constructed in such away that certain
theoretical consistency conditions (eg., WTP
bounded by income) can be satisfied. This could
be applied to value transfer, function transfer, or
meta-analysis; although applications to function
transfer are the most common. Structural transfer
functions that have been estimated have specified
a theoretically consistent preference model that is
calibrated according toexisting benefit estimates
from the literature (see Smith and Pattanayak
2002; and Smith, Pattanayak, and van Houtven
2006 for descriptions on the method). See Text
Box 7.8 for an application to of structural benefit
transfer to visibility benefits.

4. Report the results. Inaddition to reporting
the final benefit estimates from the transfer
exercise, theanalyst should clearly describeall key
judgmentsand assumptions, including thecriteria
used to select study casesand the choice of the
transfer approach. The uncertainty in the final
benefit estimate should be quantified and reported
when possible. (See Chepter 11 on Presentation of
Analysis and Results.)
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7.5 Accommodating
Non-Monetized Benefits

It often will not be possible to quantify all of the
significant physical impects for all policy options.
For example, animal studies may sugoest thata
ocontaminant causes severe ilInessss in humans,

but the available data may not beadequate to
determine the number of expected cases associated
with different human exposure levels. Likewise,

it often is not possible to quantify the various
ecosystem changes that may result froman
environmental policy. While Chepter 11 discusses
how to present these benefitsso as to provide

a fuller accounting of all effects, thissection
discusses what analysts can do to incorporate these
endpoints more fully into the analysis.

7.5.1 Qualitative Discussions

When thereare potentially important effects that
cannot be quantified, theanalyst should include
aqualitative discussion of benefits results. The
discussion should explain why a quantitative
analysis was not possibleand the regsons for
believing that these non-quantified effects may

be important for decision meking. Chepter 11
discusses how to describe benefit categories that
are quantified in physical terms but not monetized.
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7.5.2 Alternative Analyses

Alternative analysesexist that can support benefits
valuation when robust valueestimatesand/or risk
estimates are lacking. Theseanalysss, including
bregk-even analysis and bounding analysis,

can provide decision makers with some useful
information. However analysts should remember
that because these alternatives do not estimate

the net benefits of a policy or regulation, they

fall short of BCA in their ability to identifyan
economically efficient policy. Thisand other short-
comingsshould be discussed when presenting
results from these analyses to decision makers.

7.5.2.1 Break-Even Analysis
Bregk-evenaralysis isonealternative that can be used
wheneither risk dataor valuetion dataare lacking
Ardlystswho have per unit estimates of economicvalue
but lack risk estimates cannot quentify net berefits.
Theycan, however, estimate the number of cases (eech
valued at the per unit valueestimate) at which overall
net benefitsbecome pasitive, or where the policy action
will breek even.® Consiceer a proposed policy thet is
expacted to reduce the number of casss of endpoint

X withan associated oost estimate of $1 million.
Further, suppose thet theanalyst estimates thet WTP
toavoidacase of endpoint X is$200, but that because
of limitationsin risk data, it isnot possible togenerate
anestimateof the number of casss of thisendpoint
reduced by thepolicy. In thiscese, the proposed

policy would nesd to reduce the number of casssby
5,000 inorcer to “breekeven.” Thisestimate then

can beassessed for plausibilityeither quentitatively or
qualitatively. Policy mekerswill need to determireiif the
bregk-even value isaocepteble or reesoneble.

Thesame sort of analysis can be performed when
analysts lack valuation estimates, producinga
break-even value that should again be assessed for
credibility and plausibility. Continuing with the
example above, suppose the analyst estimates that
the proposed policy would reduce the number of
cases of endpoint X by 5,000 but does not havean

52 Boardmen et al. (1996) describes defermining bresk-even points
under the general subject of sensitivity analysis and includes empirical
examples.

53 Circular A-4 (OMB 2003) refers to these values as “switch points” in
its discussion of sensitivity anelysis.

estimate of WTP toavoid a cese of thisendpoint.
In thiscase, the policy can be considered to break
even if WTP isat leest $200.

Oneway to assess the credibility of economic breek-
even values is to compare them to risk values for
effects that aremore or less severe than theendpoint
being evaluated. For the break-even value to be
plausible, it should fall between theestimates for
these moreand lesssevereeffects. For theexample
abowe, if theestimateof WTP toavoidacaseof a
moreserious effect wes only $100, the above bregk-
even point may not be considered plausible.

Break-even analysis is most effective when there is
only one missing value in theanalysis. For example,
if ananalyst is missing risk estimates for two
different endpoints (but hes valuation estimates for
both), then they will need to consider a “break-even
frontier” that allows the number of both effects
tovary. It is possible to construct such a frontier,
but it isdifficult to determinewhich pointson the
frontier are relevant for policy analysis.

7.5.2.2 Bounding Analysis
Boundinganalysis can help when analysts lack
value estimates for a particular endpoint. As
suggested above, reducing the risk of health effects
that are moresevere and of longer duration should
be valued more highly than those that are less
severeand of shorter duration, all elseequal. If
robust valuation estimates are available for effects
that are unambiguously “worse” and others that are
unambiguously “notas bad,” then onecan ue these
estimates as the upper and lower bounds on the
value of theeffect of concern. Presentingalternative
benefit estimates based on each of these bounds can
provide valugble information to policy makers. If
thesign of the net benefit estimate is positiveacross
this range then analysts can have some confidence
that the program is welfare enhancing. Analysts
should carefully describe judgments or assumptions
made in selecting appropriate bounding values.
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Chapter 8

he previous chapter discussed the prooess of estimating the benefits of
environmental regulationsand policies. This chapter discusses the estimation
of costs, with a primary focus on estimating costs for use in benefit-cost

I analyses (BCA). While often portrayed as being relatively straightforward —
particularly compared to the estimation of benefits — the estimation of costs

presentsa number of challenges in its own right.

Thefirst challenge is to identify an appropriate measure of cost for a particular application.

A number of conaepts of cost exist, with some overlap of idess. In conductingaBCA,

the correct measure to use is the social cost. Social cost represents the total burden thata
regulation will impose on theeconomy. It is defined as the sum of all opportunity costs
incurred asa result of a regulation wherean opportunity cost is the value lost to society of any
goodsand services that will not be produced and consumed asa result of a regulation.

A seoond challenge involves choosing an economic framework for the analysis. Depending

on the scope of the regulation or policy, either a partial or general equilibrium framework is
employed. Partial equilibriumanalysis is usually appropriate when the scope of a regulation is
limited to asinglesector, or toasmall number of sectors. General equilibrium analysis may be
more appropriate if the analyst expectsa large number of sectors to be impacted and that the
effects will be spread more broadly throughout theeconomy.

The third challenge is choasing one or more models to use in an analysis. Factors to consider
in selectingamodel include the types of costs being investigated, the geographicand sectoral
scope of the likely impacts, and the expected magnitude of the impacts. For someanalysss, it
may be necessary to use more than one model.

Thischapter discussessocial cost and its underlying economic theory as well asseveral
alternative conoepts of cost. In addition, the chapter discussesseveral additional issues in cost
estimation and presentsa number of the models that can beemployed in the estimation and
analysis of costs.

8.1 The Economics of on theeconomy; it can be defined as thesum of
Social Cost all opportunity costs incurred asa result of the
The most comprehensive measure of the costs of regulation. These opportunity costs consist of the

a regulation — and thus the appropriate messure value lost to society of all the goods and servioss that
touseinaBCA — is “social cost.” Social cost will not be produced and consumed if firms comply

represents the total burden a regulation will impose with the regulation and reallocate resouross away
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from production activitiesand towards pollution
abatement. To be complete, an estimate of social
oost should include both the opportunity costs
of current consumption that will be foregoneas
aresult of the regulation, and the losses that may
result if the regulation reduces capital investment
and thus future consumption’

The purpose of estimating social cost is to have

a reference point for comparing thecostsof a
regulation with theestimated benefits. Social cost
is not a particularly meaningful conoept unless it
is used as part of a net social welfare calculation, or
perhaps compared to other (lesscomprehensive)
cost messures.?2 Conceptually, it should be noted
that thesocial cost of a regulation isgenerally not
thesame as a change in gross domestic product
(GDP), or another broad meesure of economic
activity, that may result from its impaosition.
Expenditures on inputs into pollution abatement,
such asequipment, materials, and labor, are
counted as part of social cost. All or part of their
consumption will at thesame time be included
positively in the calculation of GDP. Thus, ifa
regulation hes theeffect of lowering GDP, this
declinewill in general be less than thesocial cost of
the regulation.

Two broad analytical paradigmsare used in
theanalysis of social cost: partial equilibrium

and general equilibrium. A partial equilibrium
approach isappropriate when it isassumed

that theeffects of a regulation will primarily be
confined to asingle or small number of closely
related markets. If this is not the case, and the
regulation isexpected to causesignificant impacts
across theeconomy, it ismoreappropriate to use
general equilibrium analysis to estimatesocial

1 This section discusses the prospective estimeation of social costfor
regulations thet have not yet been implemented. However, the same
principles apply fo estimating costs retrospectively for regulations
already in plece. Likewise, while the text refers to the social cost of “a
regulation” the same principles apply to the estimation of the social
cost for each alternetive ina set of regulatory altematives. For amore
rigorous and detailed treatrment of the matterial in this section, see Pizer
and Kopp (2005).

2 Forexample, comparing the social cost of different regulations
may provide some sense of the relative burden they impose on the
econamy, but this exercise alone would not indicate which, if any, of
the regulations may be worthwhile from a public policy standpoint.
However, the accurate measurement of social cost would be an
essential component in attempting to meke such a defermination.

cost. The use of these two analytical paradigms is
explored in the following sections.

8.1.1 Partial Equilibrium Analysis
When theanalyst expects that theeffectsofa
regulation will be confined primarily to asingle
market orasmall number of markets, partial
equilibriumanalysis is the preferred approach

for estimation of social cost. The use of partial
equilibriumanalysis assumes that theeffects

of the regulation onall other markets will be
minimal and can either be ignored or estimated
without employingamodel of theentire economy.
Thissection presentssomesimple diagrams to
show how social cost can be defined in a partial
equilibrium framework.

Figure 8.1 shows a competitive market before the
imposition of an environmental regulation. The
intersection of thesupply (S)) and demand (D)
curves determines theequilibrium price (F)) and
quantity (Q,). Theshaded area below the demand
curveand above theequilibrium price line is the
consumer surplus. Theareaabove the supply curnve
and below the price line is producer surplus. The
sum of these two arees defines the total welfare
generated in this market: the net benefits to
society from producing and consuming thegood
or service represented in this market?

In thismarket, the impasition of a new
environmental regulation raises firms’ production
costs. Each unit of output is now more costly

to produce because of expenditures incurred to
comply with the regulation. Asa result, firms will
respond by reducing their level of output. For the
industry, thiswill appear asan upward shift in
thesupply curve. Thisisshown in Figure82asa
movement from S, to S,. Theeffect on the market
of theshift in thesupply curve is to incresse
theequilibrium price to P, and to decrease the
equilibrium output to Q,, holdingall else constant.

3 Itshould be noted thet total welfare as depicted ignores the negative
poliution extermality arising in this market, whichthe environmental
regulation is designed to correct. Appendix A presents a graphical
description of how to account for this extermality. Reduction of this
negeative extermality would be quantified in the benefitsportion of an
analysis. The supply cunve in Figure 8.1 corresponds to the margirel
private cost (MPC) cunve described in Figure A.5 of Appendix A.
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Figure 8.1 - Competitive Market Before sloping demand curve — a higher price causes
Regulation them to reduce consumption of thegood. If
o ostsareestimated exanteand this pricesensitive
behavior is not taken intoaccount (ie,, the
estimate is besed on the original level of output
(Q,) compliance costs will be overstated. Extending
~ thevertical dotted line in Figure 8.2 from the
3 Consumer Surplus  original equilibrium to the newsupply curve (S)
1\ Producer Surplus  jl|ustrates this point®

A second insight derived from Figures 8.1and 8.2
is that compliance costs are usually only part of
the total costs of a regulation. The “deadweight
loss” (DWL) shown in Figure 8.2 isan additional,
real cost arising from the regulation. It reflects
the foregone net benefit due to the reduction
Figure 8.2 - Competitive Market After in output.” Moreover, unlike many one-time
Regulation compliance costs, DWL will beacomponent of
o gocial cost in future periods.

Under the assumption that impacts outside
this market are not significant, then the social
T ‘ ‘ cost of the regulation isequal to the sum of
~ =3 ProducerSuplus  the compliance costs and the deadweight loss
- ;E ?zﬁ:ﬁ i::s ~ (shown in Figure 8.2). This isexactly equal
N tothereduction in producer and consumer
surplus from the pre-regulation equilibrium
(shown in Figure 8.1). This estimate of social
cost would be the appropriate measure to use
ina BCA of the regulation. As noted above, if
some of the compliance costs are spent on other

Asseen by comparing Figures 8.1and 8.2, the goods and services or on hiring additional

overall effect on welfare isa decline in both labor, any fall in GDP attributable to the

producer and consumer surplus? imposition of the regulation will be less than
the social cost.

Compliance costs in this market areequal to
thearea between the old and new supply curves, The preceding discussion describes the use of

bounded by the new equilibrium output, Q.° partial equilibrium analysis when the regulated
Noting this, a number of useful insights about the

total costs of the regulation can be derived from 6 Inthe extrem, ifthe requiation raised production costsso much thet
Figures 8.1 and 8.2. First, when consumers are fimns decided to halt production altogether, or if an outright ban on the

product wes issued, a strict compliance cost analysis would yield zero
cost as no direct expenditures on abaterment would be made. Clearly
this would constitute an underestimate of the loss in consumer welfare.

7 Typically, in amerket alreedy distorted with pollution externelities,
the DAL triangle shown in Figure 8.2 will serve to offset (at lesst in
pert) the existing DAL in the market thet results when the real costs of
production (including the pollution dameges) are not considered in the
production decision. OF course, if the regulatory action is too stringent

pricesensitive — as reflected in the downward

4 The figure depicts anequel distribution of welfare between consumers
and producers, in both the old and new equilibria. Depending on
the elasticities of supply and dermend, this may not be the case. The
elesticities will defermine the megnitude of the price and quentity
chenges induced by the cost increese, as well as the distribution of costs.

5 Here distinctions between the fixed and variable costs of abatement are and “over controls” the pollution problem, the optimal outcome will not
abstracted and it is assumed thet all of the costsare represented in the be achieved and additional DAL will be created. Figure 8.2 is silent on
movement of the supply curve. See Tiefenberg (2002). where the optimal solution is achieved. See Appendix A for more detail.
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market is perfectly competitive. In many casss,
however, some form of imperfect competition,
such as monopolistic competition, oligopoly, or
monopoly, may better characterize the regulated
market. Firms in imperfectly competitive markets
will adjust differently to the impasition of a new
regulation and this can alter theestimate of social
cost 8 If the regulated market is imperfectly
competitive, the market structure can and should
be reflected in theanalysis.

In certain situations, when theeffectsof a
regulation areexpected to impect a limited
number of markets beyond the regulated sector,
itstill may be possible to usea partial equilibrium
framework to estimatesocial cost. Multi-

market analysis extends asingle-market, partial
equilibriumanalysis of the directly regulated
sector to include closely related markets. These
may include the upstreamsuppliers of major inputs
to the regulated sector, downstream producers
who use the regulated sector’s output asan input,
and producers of substitute or complimentary
products. Vertically or horizontally related markets
will beaffected by changes in theequilibrium
priceand quantity in the regulated sector. Asa
consequence, they will experienceequilibrium
adjustments of their own that can beanalyzed ina
similar fashion.®

8.1.2 General Equilibrium
Analysis

Insome cases, the imposition of an
environmental regulation will have significant
effects in markets beyond those that are directly
subject to the regulation. As the number of
affected marketsgrows, it becomes lessand

8 The opportunity costs of lost production from the regulation will
be less for amonopoly then a perfectly competitive industry, even
if they face the same market demand curve. This result mey seem
counterintuitive, but the monopolist operates on a more elastic, or
price sensitive, portion of the demand curve. As aresullt, it will heve
lower profits if it tries to increase price (and lower output) by as much
s the competitive industry.

9  Intheory, impects in undistorted related merkets are “pecuniary” and
do not need to be included if the social costs have been correctly
measured in the primary market, but pecuniary effects are important in
inefficient related markets and should be considered (Boardmen etal.
2006). Just et al. (2005) provide a detailed treatment of multi-merket
analysis. Kokoski and Smith (1987) demonstrate, however, thet one
must use caution when using these methods.

less likely that partial equilibrium analysis can
provide an accurate estimate of social cost.
Similarly, it may not be possible to accurately
model a large change in asingle regulated market
using partial equilibrium analysis. |nsuch cases,
ageneral equilibrium framework, which captures
linkages between markets across theentire
economy, may bea more appropriate choice for
theanalysis.

For example, the imposition of an environmental
regulation on emissions from theelectric utility
sector may cause the price of electricity to rise.
Aselectricity isan important intermediate
input in the production of most goods, the
prices of these products will most likely also rise.
Households will be affected as both consumers
of these goods and as consumers of electricity.
The increase in prices may cause them toalter
their relative consumption of a variety of
goodsand services. The increase in the price of
electricity may also cause feedback effects that
result in a reduction in the total consumption of
electricity.

General equilibrium analysis is built around
the assumption that for some discrete period
of time, an economy can be characterized

by aset of equilibrium conditions in which
supply equals demand inall markets. When the
imposition of a regulation alters conditions in
one market, ageneral equilibrium model will
determine a new set of prices for all markets
that will return theeconomy toequilibrium.
These pricss in turn determine the outputs
and consumption of goods and services in the
new equilibrium. In addition, the model will
determinea new set of pricesand demands

for the factors of production (labor, capital,
and land), the returns to which compose the
income of businesses and households. Changes
in aggregate economic activity, such as GDP,
household consumption, and other variables,
also can be calculated in the model.

The previous section shows how the social

cost of a regulation can beestimated in asingle
market using partial equilibrium analysis. The

example demonstrates how a regulation causes
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a DWL in that market, reflectingadecline in
economic welfare as measured by consumer
and producer surplus. In reality, DWL already
exists in many, if not most, markets asa result
of taxes, regulations, and other distortions.
When the imposition of a regulation causes a
new distortion in one market, it may interact
with pre-existing distortions in other markets
and this may cause additional impacts on
welfare.

An important example of how a regulation can
interact with pre-existing distortions can be found
in the labor market, depicted in Figure 8.3. Here,
a pre-existing tax on wages causes the net, after-
tax wege (W) to be lower than the gross, pre-tax
wage (W) by theamount of the tax. With this

tax distortion, the quantity of labor supplied is
L,and thereisa DWL. Whenanew regulation

is imposed in another market, raising production
costs, one of the indirect effects may bean increese
in theprice level as those costs are passed through
theeconomy. This increese in the price level will
reduce the real wageand, given an upward sloping
labor supply curve, theamount of labor supplied.”
Thisisshown in Figure 8.3 asa decrease in the net
wege to W) and adecreese in theamount of labor
suppliedto L.

The interaction between new and pre-existing
distortions isespecially pronounced in the labor
market because pre-existing distortions there
are large. Asshown in Figure 8.3, even asmall
reduction in theamount of labor supplied will
result inalarge increese in DWL." Similar
interactionsare likely to oocur in other markets
with pre-existing distortions. In cases where they
are likely to have asignificant impact, analysts

10 Ingereral equilibriumarelysis, all prices and wages are reel, i e., they
are measured relative to a numeéaire, a specific single price or weighted
average of prices, such as the CDP deflator. Here, the consummer price
level rises relative to the numéaire. The result is a fall in the real wege
— the nominal wage divided by the consumer price level.

11 The labor tax distortion affects individual labor supply decisions at the
margin. Thus, a full-time worker mey not change (or be able to change)
her hours worked in response to a fall in the real wage. However,
pert-time workers, workers in households with more then one full-time
worker, or potential retirees, may be more likely to adjust the number
of hours they work or whether they work at all. A discussion of the
theoretical and empirical besis for this depiction of the labor merket
can be found in Parry (2003).

Chapter 8 Analyzing Costs

Figure 8.3 - Labor Market with Pre-Existing
Distortions
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should incorporate these distortions into models
used to estimate social cost.?

Inageneral equilibriumanalysis, thesocial cost
of aregulation isestimated usingacomputable
general equilibrium (CGE) model. CGE models
simulate the workings of amarketeconomy and
can include representations of the distortions
caused by taxes and regulations. As described
abowe, they are used to calculateaset of priceand
quantity variables that will return thesimulated
economy to equilibrium after the impoasition of
aregulation. Thesocial cost of the regulation
can then beestimated by compering the value

of varigbles in the pre-regulation, “beseline”
equilibrium with those in the post-regulation,
simulated equilibrium.®

12 Economists have long recognized these interaction effects (Ballard
and Fullerton 1992). Amore recent body of work hes focused on
them in the context of environmental regulation. In this literature,
these interactions are known as the “tax-interection effect.” If an
environmental regulation raises revenue through a tax on poliution or
other revenue raising provision, and the revenue is used to reduce pre-
existing distortions such as taxes on wages, the tex-interaction effect
may be offset. This is known as the “revenue recycling effect.” The
offset may be partial, complete, or in some cases, the overall efficiency
of the tax system may actually be improved. The net result isan
empirical metter, depending on the nature of the full set of interactions
across the economy and how the revenue iis raised. Some of the early
pepers in this literature include Bovenberg and de Moojii (1994), Parry
(1995), and Bovenberg and Goulder (1996). Goulder (2000) provides
an accessible summary of the early literature. More recent pepers
include Parry and Bento (2000); Murray, Keeler, and Thumen (2005);
and Bento and Jacobsen (2007).

13 OCGEmodels are discussed in more detail in the modeling section of
this chapter. Applications of OCGE models to the estimation of the social
cost of environmental regulation include Hezilla and Kopp (1990)
and Jorgenson and Wiicoxen (1990). A version of the Jorgenson and
Wilcoxen model wes used as pert of EPA's retrospective study of the
benefits and costs of the Clean Air Act for the period 1970 to 1990
(US. BEPA1997a).
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Even inageneral equilibrium analysis, analysts
must take care in selecting an appropriate
messure of social cost. Calculating social cost
by adding together estimates of the costs in
individual sectors can lead to double counting.
For example, counting both the increased

costs of production to firms resulting froma
regulation and theattendant increeses in prices
paid by consumers for affected goods would
mean counting the same costs twice, leading to
an overestimate of social cost. Instead, focusing
on measures of changes in final demand, so that
intermediate goods are not counted, can avoid
the double-counting problem. ™

While it is theoretically possible to estimate social
cost by adding up the net change in consumer
and producer surplus in all affected markets,

the measures most commonly used in practice

are consumer’s equivalent variation (EV) and
compensating variation (CV). Both are monetary
messures of the change in utility brought about
by changes in pricesand incomes resulting from
the impoasition of a regulation. As households

are the ultimate beneficiaries of government and
investment expenditures, theEV and CV messures
focus on changes in consumer welfare, rather than
on changes in total final demand.

8.1.3 Dynamics

In most cases, a regulation will continue to have
economic impacts for a number of yearsafter its
initial implementation. If these intertemporal
impactsare likely to besignificant, they should

be included in theestimation of social cost. For
example, if a regulation requires firmsin the
electric utility sector to invest in pollution control
equipment, they may not invest asmuch in electric
generation capacity as they would have in the
absence of the regulation. This may result inslower
growth in electricity output and reduce the overall
growth rate of theeconomy. Insome cases, the
effect of a regulation on long-term growth may

be much moresignificant than theeffect on the
regulated sector alone.

14 Final demand consists of household purcheses, investment,
govemment spending, and net exports (exports minus imports).

When conductingaBCA in which theanalyst
expects intertemporal effects of a regulation to
be confined to the regulated sector, it may be
appropriate tosimply apply partial equilibrium
analysis to multiple periods. Relevant conditions,
likeexpected changes in market demand and
supply over time, should be taken into account
in theanalysis. The costs in individual yearscan
then be discounted beck to the initial vear for
consistency.

If the intertemporal effects of a regulation

on non-regulated sectors are expected to be
significant, analysts can estimate social cost
using adynamic CGE model. Dynamic CGE
models can capture the effects of a regulation
on affected sectors throughout the economy.
They can also address the long-term impacts
of changes in labor supply, savings, factor
accumulation, and factor productivity on the
process of economic growth.™ In adynamic
CGE model social cost isestimated by
comparing values in the simulated baseline
(i.e., in thesimulated trajectory of the economy
without the regulation) with values froma
simulation with the regulation in place.

8.1.4 Social Cost and

Employment Effects

At times of recession, questions arise about

whether jobs lost as a result of a regulation

should be counted as an additional cost of the

regulation. However, counting the number of

jobs lost (or gained) as a result of a regulation

generally has no meaning in the context

of BCA as these are typically categorized

as transitional job losses.'® BCA requires

monetized values of both the social benefitsand

costs associated with the regulation. Thesocial

cost of a regulation already includes the value

15 Inaddition to affecting the growth of the capital stock, an
environmental regulation may also negetively affect the supply of labor
through the interaction effects discussed above, thus increesing social
cost. However, there may also be a positive effect on labor supply if

improved environmental quelity confers health benefitsthat meke the
work force more productive.

16 Invery rare ceses in which a regulation confributes additional job
losses to a sector exhibiting structural unemployment, aralysts
should consider including job losses as a seperate cost category. See
Appendix C for more detail.
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of lost output associated with the reallocation
of resources (including labor) away from
production of output and towards pollution
abatement. This does not mean, of course, that
specific individual workersare not harmed by a
policy if they lose their jobs. EPA estimates the
megnitude of such losses as part of an Economic
Impact Analysis (EIA). See Chapter 9 for more
details on this topic.

8.2 A Typology of Costs

The previous section defined social cost as the
sum of the opportunity costs incurred as the
result of the imposition of a regulation, and
introduced the basic economic theory used in its
estimation. Conceptually, social cost is the most
comprehensive messure of cost, and is thus the
appropriate messure to use in BCA.. In addition
to social cost, a number of other conoepts of cost
exist and are often used to describe the effects

of aregulation. Thissection discusses these
alternative concepts and introduocss a number

of additional terms. Thissection also provides
adiscussion of messures that define temporary
costs or define how costsare distributed across
different entities.

8.2.1 Alternative Concepts

of Cost

Threealternative conoepts of cost, each of which
is composed of two components, are: explicit and
implicit costs, direct and indirect costs, and private
sector and public sector costs. Likesocial cost, all
of these conoepts are comprehensive in nature.
An important distinction is that whilesocial cost
isameasure derived from economic theory, these
threealternative conoeptsare in general only
descriptive.”

Consideration of thesealternative conoepts can
provide insights into the full range of the costsof a
regulation. They may also be useful in determining
theappropriate framework and modeling
methodology for an analysis. Several executive

and legislative mandates require that a number of

17 In certain cases, a single component, stich as direct cost, mey provide
a reasoreble estimete of social cost.
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different types of costs be included in a regulatory
impact analysis (RIA).®

8.2.1.1 Explicit and Implicit Costs

The total cosks of a regulation can include both
explicit and implicit costs.” Explicit costsare those
oosts for which an explicit monetary payment is
made, or for which it isstraightforward to infera
value. For firms, theexplicit costs of environmental
regulation normally include the costs of purchese
and operation of pollution control equipment.
This includes payments for inputs (such as
electricity) and wages for timespent on pollution
control activities. For households, explicit costs
may include the costs of periodic inspections of
pollution control equipment on vehicles. For
government regulatory agencies, wages paid to
employess for developinga regulation and then
for administration, monitoring, and enforcement
are included inexplicit costs. Implicit costsare
costs for which monetary values do not readily
exist and are thus likely more difficult to quantify.
Implicit costs may include the value of current
output lost because inputs areshifted to pollution
control ectivities from other uses, as well as lost
future output due to shifts in the composition of
capital investment. Implicit costs may also include
the lost value of product variety s a result of

bans on certain goods, time costs of searching for
substitutes, and reduced flexibility of response to
changes in market conditions.

8.2.1.2 Direct and Indirect Costs

Direct costsare those costs that fall directly on
regulated entities as the result of the impasition
ofaregulation. Theseentities may include firms,
households, and government agencies. Indirect
costsare the costs incurred in related markets or
experienced by consumers or government agencies

18 EO 12866 specifies thet an assessiment of the costs of a regullation
should include “any adverse effects on the efficient functioning of the
economy and private sector (including productivity, employment, and
competitiveness)” in addition to compliance costs. The UMRA of 1995
requiires that cost estimates take into account both indirect and implicit
costs on state and local governments.

19 The term “total cost” is used here when discussing alternative concepts
of cost in order to reinforce the distinction between these concepts and
social cost.
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not under the direct scope of the regulation. These
indirect costsare usually transmitted through
changes in the prioss of the goods or services
produced in the regulated sector. Changes in these
prices then ripple through the rest of theeconomy;,
causing prioes in other sectors to rise or fall and
ultimately affecting the incomes of consumers.
Government entities can also incur indirect costs.
For example, if the tax base changes due to theexit
of firms from an industry, revenues from taxesr
fees may decline. Insome casss, the indirect costs
of aregulation may be considerably greater than
the direct costs.

8.2.1.3 Private Sector and Public
Sector Costs

The total cosk of a regulation can also be divided
between private sector and public sector costs.
Private sector costs includeall of thecostsof a
regulation borne by households and firms. Public
sector costs consist of the costs borne by various
government entities.

8.2.2 Additional Cost Terminology
Inaddition to the conoeptual categoriesand

their components discussed abowe, a variety

of other termsare often used in describing the
oosts of environmental regulation. A number of
these termsare defined here. It should be noted
that thereare numerous overlaps between these
conoepts, and analysts must take care to avoid
double counting?®

8.2.2.1 Incremental Costs

Incremental costs are theadditional costs associated
with a newenvironmental regulation or policy.
Incremental costs are determined by subtracting
the total costs of environmental regulationsand
policiesalready in place from the total costsafter a
new regulation or policy hes been imposed.

20 References thet provide definitions of cost terminology include US.
CBO (1988), and Callan and Thomes (1999).

8.2.2.2 Compliance Costs

Compliance costs (also known as abatarment aosts)
are the costs firms incur to reduce or prevent
pollution to comply with a regulation. Theyare
usually compased of two main components:

capital costsand operating costs. Compliance costs
can be further defined to includeany or all of the
following:

» Treatment/Capture— Thecost of any
method, technique, or prooess designed to
remove pollutants, after their generation in
the production prooess, from air emissions,
water discharges, or solid waste.

» Recycling— The cost of postproduction
on-site or off-site processing of weste for an
alternative use.

+ Disposal — Thecost involving the final
placement, destruction, or disposition of
westeafter pollution treatment/captureand/
or recycling has occurred.

+ Prevention — The cost of any method,
technique, or process that reduocss theamount
of pollution generated during the production
Process.

8.2.2.3 Capital Costs

Capital costs include expenditures on installation
or retrofit of structures or equipment with the
primary purpose of treating, capturing, recycling,
disposing, and/or preventing pollutants.
Theseexpendituresare sometimes referred to

s “one-time costs” and include expenditures

for equipment installation and startup. Once
equipment is installed, capital costsgenerally do
not change with the level of abatement and are
thus functionally equivalent to “fixed costs” In
BCA, capital costsare usually “annualized” over
the period of the useful life of the equipment.

8.2.2.4 Operating and

Maintenance Costs

Operating and maintenance costsareannual
expenditures on salaries and wages, energy inputs,
materialsand supplies, purchased servicss, and
maintenance of equipment associated with
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pollution abatement. In general, they are directly
related to the level of abatement. Operating costs
are functionally equivalent to “varieble costs”

8.2.2.5 Industry Costs

Industry costsare the costs of a regulation to

an industry, including theeffects of actual or
expected market reactions. They often differ from
compliance costs because compliance costs do not
normally account for market reactions. Market
rections may include plant closures, reduced
industry output, or the passing on of some costs
directly to consumers.

8.2.2.6 Transactions Costs
Transections costs are those costs that are incurred
in making an economic exchange beyond the

cost of production of agood or service. They may
include the costs of searching out a buyer or seller,
bargaining, and enforcing contracts. Transactions
costs may be important when setting upanew
market, such as those markets designed to be used
for market-based regulations.

8.2.2.7 Government Regulatory Costs
Gowvernment regulatory costs are those borne
by various government entities in the course of
researching, enacting, and enforcinga policy or
regulation.?'

8.2.3 Transitionaland
Distributional Costs

Inaddition to the conogptsand terms defined
abowve, several other types of cost exist. Two
qualitatively different types of cost from those
aboweare transitional and distributional costs

8.2.3.1 Transitional Costs

Atsomepoint in timeafter the imposition ofa
new environmental regulation, theeconomy can
be expected to adjust toa new equilibrium. While

21 Government entities may themselves be polluters and therefore subject
to regulation. Compliance costs under this scenario would be captured
assuch.
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many costs are likely to be permanent additions

to the costs of production, otherswill beshort
term in nature, being incurred only during the
adjustment to the new equilibrium. Theseare
known as transitional costs Transitional costs may
include the costs of training workers in the use of
new pol lution control equipment. After workers
receive their initial training, the time they spend
on pollution control activities would be counted as
operating costs.

8.2.3.2 Distributional Costs

Distributional costs are those costs that relate

to how certain entities or societal groupsare
impacted by the impaosition of a policy or
regulation. While BCA is by definition concerned
only with the net benefits, it is likely that most
policies or regulations will result in winnersand
losers. |n some casss, the models described later in
this chepter can be used for distributional analysis
aswellas BCA. Distributional costsare covered in
detail in Chepter 10.

8.3 Measurement Issues in
Estimating Social Cost

A number of issues may arise when estimating the
expected social cost of a proposed regulation, or
when messuring costs incurred esa result of an
existing regulation. These issues can be divided
into two broad categories: (1) those that arise
when estimating costs over time; and (2) those
associated with difficulties in developing numeric
values for estimating social cost. Thissection
discusses both these issues in turn. It concludes
with ashort analysis of how estimates of Title

1V of the Clean Air Act’s costsevolved over

time, illustrating the importance of accurately
accounting for these issues when estimating the
costs of a regulation.

8.3.1 Evaluating Costs Over Time
Most regulations cause permanent changss in
production and consumption activities, leeding

to permanent (ongoing) social costs. Asa result,
regulationsare often phasad in gradually over
timeinaneffort to limit any disruptions created
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by their impasition. When messuring costsover

time, assumptions related to the time horizon of
theanalysis, the use of astatic versusa dynamic
framework, discounting, and technical chengeare
extremely important. Theseassumptionsareeach
discussed in more detail in the paragraphs that follow.

8.3.1.1 Time Horizon

Irrespective of the method used for theestimation
of social cost, the time horizon for calculating
producer and consumer adjustments toanew
regulation should be considered carefully. |deally,
the analyst estimates the value of all future costs
of aregulation discounted to itspresent value. If
theanalyst is only able to estimatea regulation’s
costs for one or a few representative future years,
she must takegreat care to ensure that the year(s)
selected are truly representative, that no important
transitional costsare effectively dismissed by
assumption, and that no one-time costsare
assumed to be on-going.

In theshort term, at lesst some factors of
production are fixed. If costs are evaluated over
ashort period of time, then contractual or
technological constraints prevent firms from
responding quickly to increesed compliance cosis
by adjusting their input mix or output decisions. In
the long term, by contrast, all factors of production
are variable. Firms can adjust any of their factors
of production in response to changes in costs due
toa new regulation. A longer time horizon affords
greater opportunities for affected entities to

change their production prooessss (for instance, to
innovate). It is important to select a time horizon
that captures any flexibility the regulation provides
firms in the way they choose to comply.

8.3.1.2 Choosing Between a Static and
Dynamic Framework

In many cases, costsareevaluated in astatic
framework. That is, costsare estimated at agiven
point in time or for aselection of distinct points
in time. Such estimates provide snapshots of costs
faced by firms, government, and householdeout

do notallow for behavioral changes fromone time
period toaffect responses in another time period.

Inaddition to the capital-induced growth effects
discussed in Section 8.2.3, theevaluation of costs
inadynamic framework may be important whena
proposed regulation isexpected to affect product
quality, productivity, innovation, and changes in
markets indirectly affected by theenvironmental
policy. 2 These may have impects on net levels of
meesured consumer and producer surplus over time.

8.3.1.3 Discounting

Social discounting procedures for economic
analysesare reviewed in considerable detail in
Chapter 6. Benefitsand costs that occur over time
must be properly and consistently discounted

if any comparisons between themare tobe
legitimate

There is one application of discounting that is
unique to cost analysis. When calculating firms’
private costs (€., the internal cost of capital used
for pollution abatement), the analyst should use
adiscount rate that reflects the industry’s cost of
capital, just assa firm would. Thesocial cost of the
regulation, on the other hand, would be calculated
using the social discount rate, thesame discount
rate used for the benefits of the regulation.

8.3.1.4 Technical Change and Learning
Estimating the costs of agiven environmental
regulation frequently entailsestimating future
technical change. Despite its importanceasa
determinant of economic welfare, the process of
technical change is not well understood. Different
approaches to environmental regulation present
widely differing incentives for technological
innovation. Asa result, the ssameenvironmental
end may beachieved at significantly different
costs, depending on the paceand direction of
technical change. Recent empirical work supports
this hypothesis. Most notably, the realized costs of
Title 1V of the 1990 Clean Air Act Amendment’s
SO, Allowance Trading program are considerably
lower than initial predictions, in part due to
unanticipated technical change (see Text Box 8.1).

22 See Section 8.1.3 for a discussion of dynemics.

23 InaCEA, it isequeally important to properly discount cost estimates of
different regulatory approaches to facilitate valid comperisons.
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24 This example is taken from Burtraw and Palmer (2004).
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Organizationsareable to learn with experience,
which permits them to produce agiven good or
serviceat lower cost as their cumulative experience
increeses. While thereare many different
explanations for this phenomenon (eg., labor
foroes learn from mistakes and learn shortcuts; ad
hoc prooesses become standardized) itsexistence
hes been borne out by experienoss in many sectors.
Indeed, OMB now requires cost analyses to
consider possible learning effectsamong the cost-
saving innovations?® Recent EPA Advisory Council
guidance recommends that default learning effects
be applied even when sector- or prooess-specific
empirical dataare not available (U.S. EPA 2007b).

The decrease in unit cost as the number of units
produced increeses is referred to asan experience
or learning curve. A useful description of the
calculations used to identify a learning curve can
be found in van der Zweaan and Rabl (2004).
Learning rates for 26 energy technologiesare
described in McDonald and Schrattenholzer
(2001). Duttonand Thomes (1984) summerize
more than 100 studies, including some dealing
with theenergy and manufacturingsectors. Note
that theempirical estimates in the literature
represent abiased sample, since they only represent
technology that hes been successfully deployed
(Sagar and van der Zwaan 2006)%

8.3.2 Other Issues in Estimating
Social Cost

Difficulties in messuring social cost generally fall
into two categories: (1) difficulties in developinga
numeric value for somesocial cost categories; and
(2) for social cost categories where numeric values
have been sucosssfully developed, accounting for
uncertainty in these values.

25 OMB's Circular A-4 asserts thet a cost analysis should incorporate
credible changes in fechnology over time, stating thet “...retrospective
studies may provide evidence thet ‘leaming’ will likely reduce the
cost of regulation in future years” (OMB 2003). Other cost-saving
innovations to consider include those resuilting from a shift to
regulatory performance standards and incentive-based policies.

26 Note thet cost decreases associated with technological chenge
and leaming may not always be free but may have additional costs
associated with them suich as training costs. See Section 8.2.3.1 fora
discussion of transitiorel costs.

8.3.2.1 Difficulties in Developing
Numeric Values

Some consequenass of environmental policiesare
difficult to represent in the definitive, quantitative
terms of conventional social cost analysis.
Irreversible environmental impacts, substantial
changes in economicopportunities for certain
segments of the population, social costs that span
very long time horizons, sociceconomiceffects

on populations, and poorly-understood effects on
large-scale ecosystems are difficult to capture ina
quantitative BCA. Somealternative techniques for
messuringand presenting these effects to policy
makers are reviewed in Section 7.6.3. The relative
significance of social cost categories that are not
quantified — or are quantified but not valued —
should be described in thesocial cost analysis.

8.3.2.2 Uncertainty

The values of various costs in the social cost
analysis can beestimated, but cannot be known
with certainty. In fact, some dataand models will
likely introduce substantial uncertainties into
these estimates. Numerous assumptionsare made
regarding the beseling, predictions of responses to
policy, and the number of affected markets. The
conclusions drawn in the social cost analysisare
sensitive to the degree of uncertainty regarding
theseassumptions. The uncertainty associated
with the dataand methods, the assumptions made,
and how the uncertainty and assumptions affect
the results areall-important components of the
presentation of social cost, and should be carefully
reported.

8.3.2.3 Estimating Costs Under Different
Statutory Criteria

Somestatutes require EPA to choosea regulatory
option that is demonstrably affordable. One way
for adecision meker to ensure that a regulatory
option isaffordable is to estimatean upper bound
of the compliance cost associated with the chosen
optionand then toshow that it isaffordable.
However, thisapproach is inconsistent with the
practice of producing the best central estimate of
the cost of a regulation for the RIA and will cause
the net benefits of the regulation to be biased
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Table 8.2 - Major Attributes of Models Used in the Estimation of Costs

Compliance Partial Linear Input-Output
Cost Equilibrium  Programming Input-Output Econometric CGE
Can be used o measure . .
direct compliance costs
Can be used o measure . . . . .
transitional costs
Can be used to measure . . . . .

distributional impects

Can capture indirect effects

Can capture feedback and
interaction effects

downward. Furthermore, usingsolely an upper
bound estimate of the cost of a regulation could
result in artificially low levels of regulation in
situations where EPA must determine whether or
not the benefits of the regulation justify the costs.
It is thus very important that analysts rely on the
best central estimate of the cost of a regulation for
theRIA.

8.3.3 Use of Externally-Produced
Cost Estimates

At various times EPA dependson externally (eg,,
contractor, industry association, or advocacy
group) generated cost estimates for use in its
internal analyses. Any cost estimate produced by
an external sourceand used by EPA in its internal
analysisshould be vetted by EPA toensure that:
(1) the information is relevant for its intended
use; (2) thescientificand technical proocedures,
messures, methods and/or modelsemployed to
generate the information are reesonable for, and
consistent with, the intended application; and (3)
the data, assumptions, methods, quality assurance,
sponsoring organizations, and analysesemployed
to generate the information are well documented.

8.4 Models Used in Estimating
the Costs of Environmental
Regulation

A number of different types of models have been
used in theestimation the costs of environmental
regulation. They range from models that estimate
oosts inasingle industry (or part of an industry),

Guicklines for Preparing Econamic Analyses | December 2010

to models that estimate costs for theentire
economy. In practice, implementation of some of
the models can be simpleenough to be calculated
in aspreadsheet. Others may be complex systems
of thousands of equations that require highly
specialized software.”

Table 8.2 summarizes some of the major attributes
of the models discussed in thissection. Each hes
strengths and weaknesses in analyzing different
types of economic costs. When estimating social
cost, there will besome cases where asingle model
isenough to provide a reasoneble approximation.
In other cases the use of more than one model

is required. For example, acompliance cost

model can be used to estimate the direct costs of
aregulation in the affected sector. These direct
cost estimates could then be used inapartial
equilibrium model to estimate social cost. While
most of the models discussed in thissection canbe
used insome form in theestimation of social cost,
many of them also have particular strengths in the
estimation of transitional and/or distributional
costs, asmay be required as part of an RIA.

Selecting the most appropriate model (or models)
to use inan analysis can be difficult. Below area
number of factors that may be helpful in mekinga
choice ®

27 Data requirements for these models vary. Refer to Chepter 9 for a
discussion of the process of conducting an industry profile and details
ona range of public and private data sources thet can be used for cost
estimetion.

28 This list of factors is derived from Industrial Economics, Inc. (2005).
Proprietery models discussed in this section are examples only and no
endorsement by EPA is given or implied.
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» Types of impacts being investigated. Mode!
selectionshould teke intoaccount the types
of impacts that are important in theanalysis
being perforrmed because models differ in
their abilities to estimate different types of

costs.

@

Geographicscope of expected impacts.
Whilesorme models may be well suited for the:
anatysis of impacts on a national scals, it may
not be possible to narrow their resolution to
focus on regional or local impacts. Similarly,
models that are well suited for examining
regioral or local impeacts may not capture the:

full range of impacts at the national level.

@

Sectoral scope of expected impacts. Some
models are highly aggregeted, and while
proficient at capturing major impectsand
interactions between sectors, are not wel
auited for focusing on asingle or small
number of specialized sectors. Likewise,
models that are highly specialized for
capturing impects ina particular ssctor

will usually be ingppropriate for examining
impacts on a broedler set of sectors.

Expected magnitude of impacts. A model
that is well suited for capturing the impacts
of a regulation that isexpected to have large
effects may have difficulty estimating the
impacts of a regulation with relatively smaller
expected effects, and vice versa,

@

e

Expected importance of indirect effects.
For a regulation that isexpected to have
substantial indirect effects beyond the
regulated sector it is important to chocee a
mockl that can capture those effects.

Usually, some combination of theabowve factors
will determine the most appropriate model for
aparticular application. Finally, it should be
noted that advances in computing power, data
availability, and more user-friendly software
packages continually reduce the barriers to
sophisticated model-based analysis.

8.4.1 Compliance Cost Models
Compliance cost modelsare used to estimate
an industry’s direct costs of compliance with

a regulation. Estimates by engineersand other
expertsare used to produce algorithms that
characterize the changes in costs resulting from
theadoption of various compliance options. The
particular parametersare usually determined fora
number of individual plants with varying beseline
characteristics. Toestimate the control costsof a
regulation for an entire industry, disaggregated
data that reflects the industry’s heterogeneity

is input into the model. The disaggregated cost
estimates are then aggregated to the industry level.

Compliance cost models may include capital costs,
operatingand maintenance expenditures, and costs
of administration. Some compliance cost models
are designed to allow the integrated estimation of
control costs for multiple pollutants and multiple
regulations. Some models are able to account for
cost changes over time, including technical change
and learning. Compliance cost models often are
implemented in aspreadshest; in general, they are
relatively essy to modify and interpret.

While precise estimates of compliance cosisare

an important component of any analysis, it isonly
in cases where the regulation is not expected to
significantly impact the behavior of producers
and consumers that compliance costscan be
considered a ressonable approximation of social
cost. Asdiscussed in Section 8.2.1, estimating
social cost oftenrequires knowledge of both supply
and demand condlitions. Compliance cost models
focus on thesupply side, and in circumstanoss
where producer and consumer behavior is
appreciably affected, these modelsare not able to
provide estimates of changes in industry prices
and output resulting from the imposition of a
regulation. However, in these cases, estimates from
compliance cost models can be used as inputs to
other models that estimate social cost.

Oneexample of acompliance cost model or tool is
AirControINET (ACN). ACN isa databese tool for
conducting pollutent emissions control strategy and
costinganalysis. It overlaysa detailed control meesure
databese of EPA emissions inventories to compute
source-and pollutent-specificemission reductions
and associated costsat various geographic levels
(national, regional, local ) and for meny industries.
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ACN oontainsa datebese of control messuresand
aost information that can be used toassess the
impect of strategies to reduce criteria pollutants [eg.,
NO,,SO,, volatile organic compounds (VOCs),
PM,,,PM, ., or Ammonia (N H,)] eswell as carbon
monoxide (CO)and mercury (Hg) from point
(utilityand non-utility), areg, nonroed, and mobile
sourossss provided in EPA’s National Emission
Inventory (NEI). ACN isstrictly acomplianae cost
modkl, because it does not account for changes in the
behavior of consumersand producers.

Advantages:

« Compliance cost models often contain
gignificant industry detail and provide
relatively preciseestimates of the direct oosts
of aregulation. This is particularly true for
regulations with minor cost impects.

« Onee constructed, compliance cost models
requirea minimum of resources to implement
and are relatively straightforward to useand
esgy to inferpret.

Limitations:
« Ag they are focused exclusively on thesupply
sice, compliance cost models can only provide
estimates of social cost in certain limited ceses,

« Compliance cost models are usuglly limited to
estirmating costs for asingle industry.

8.4.2 Partial Equilibrium Models
While compliance cost models may provide
ressonable estimates of the compliance costs of

a regulation, they do not incorporate the likely
behavioral responses of producersand consumers.
Asshown in Section 8.2.1, if these responsesare
not taken into account, estimates of social costare
likely to be inaccurate. In cases where the effects
of aregulation are confined toasingle market,
partial equilibrium models, which incorporate the
behavioral responses of producersand consumers,
can be used to estimatesocial cost.

Inputs into an analysisemployinga partial
equilibrium model may include regulatory costs
estimated using acompliance cost model and the

Guicklines for Preparing Econamic Analyses | December 2010
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supply and demend elasticities for theaffected
merket. The model then can be used to estimate
the change in market priceand output. Changes
in producer and consumer surplus reflect the
social cost of the regulation. The relative changes
between producer and consumer surplus provide
an estimate of the distribution of regulatory costs
between producersand consumers.

Inapartial equilibrium model, the megnitude

of the impacts of a regulation on the priceand
quantity in the affected market depends on the
shapes of thesupply and demand curves. The
shapes of these curves reflect the underlying
elesticities of supply and demand. Theseelasticities
can beeither estimated from industry and
consumer data or taken from previous studies?

If theelesticities used in an analysisare drawn from
previous studies, they should be consistent with
the following conditions:

» Theyshould reflect asimilar marketstructure
and level of aggregation;

» Thereshould besensitivity to potential
differences in regional elasticity estimates;

» They should reflect current economic
conditions; and

+ They should be for theappropriate time
horizon (i.e., short or long run).

In some cases, if the effects of a regulation are
expected tospill over into adjoining markets
(eg., suppliers of major inputs or consumers of
major outputs), partial equilibrium analysiscan
beextended into theseadditional marketsas well.
Thestmulti-marketmodels” havebeen used in the
analysis of a number of EPA regulations™

29 Because of the widespread use of elasticity estimetes, the Air Benefit
and Cost (ABC) Group in EPA's Office of Air and Rediation maintains
an elasticity databese. This Hasticity Databank serves as a searcheble
databese of elasticity parameters across economic sectors/product
markets and a veriety of types including demend and supply elasticities,
substitution elesticities, income elesticities, and trade elasticities.

An online submittal form allows users to provide elasticity estimates
for consideration as part of this databenk. The Hasticity Datebenk is
availeble online at http:/ mww.epa.gov/iin/ecas/Elesticity.him (US. EPA
2007d).

30 See, forexample, U.S. BPA (1989) Reguilatory Impact Analysis of
Controls on Asbestos and Asbestos Products: Final Report.
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Advantages:

« Because they usually simulate onlyasingle
merket, partial equilibrium models generally
have fairly limited data requirements and are
relatively sirmple to corstruct.

« Partial equilibrium models are comparatively
ezsy o Luseand interpret.

Limitations:

« Partial equilibrium models are limited to
costestimation inasingle or small number
of marketsand do not capture indirect or
feedbeack effects.

» Because partial equilibrium models are
cenerally data driven and specifictoa
particular application, they are usually not
available “off-the-shelf” for use inavariety of

analyses.

8.4.3 Linear Programming Models
Although linear programming models can be
employed inavariety of applications, their use

in theanalysis of EPA regulations oocurs most
frequently in theestimation of compliance

oosts. " Linear programming models minimize (or
maximize) an objective function by choosingaset
of decision variables, subject toaset of constraints.
In EPA’s regulatory context, the objective function
is usually direct compliance costs, which are
minimized. The decision variables represent the
choiocss availeble to the regulated entities. The
constraints may include available technologies,
productive capecities, fuel supplies, and regulations
onemissions.

Although linear programming mocdels can be
constructed to examine multiplesectors or
economy-wideeffects, they are more commonly
focused on asinglesector. For the regulated sector,
a linear programming model can incorporatea
large number of technologiesand compliance
options, such asend-of-pipe controls, fuel

31 Anintroduction to linear programming is provided in Chiang (1984).
The “linear” in the name refers to the linear specification of the
objective function and constraint equations. Similar, eponymous model
types include non-linear, integer, and mixed integer programming
models.

switching, and changes in plant operations.
Similarly, the model’s constraints can include
multiple regulations that requiresimultaneous
compliance. The objective function usually
includes the fixed and variable costs of each
compliance option. The program then choosesa
set of decision variables that minimize the total
costs of compliance. Inaddition to compliance
costs, the outputs from the model may include
other related variables, such as projected fuel use,
output and input prices, emissions, and demand
for new capecity in the regulated industry.

Anexample of alinear programming model used
by EPA is the Integrated Planning Model (IPM).
The IPM isamodel of theelectric power sector

in the 48 contiguousstatesand the District of
Columbia. 1t can provide long-term (10-20 year)
estimates of the control costs of complying with
proposed regulations, while meeting the projected
demand for electricity. In themodel, nearly 13,000
existingand planned electrical generating units
are mapped toapproximately 1,700 representative
plants. Resultsare differentiated into 40 distinct
dermand and supply regions. IPM can be used to
estimate the impacts on costs for policies to limit
emissionsof SO,, NO,, CO,,, and Hg.

Advantages:

» Compared to compliance cost models,
linesr programiming mocels are better able
to incorporate and systermatically analyze
awide range of technologiesand muliiple
compliance options.

« Linesr programming medelsallow fora
consicerable amount of flexibility in the
specification of constraints. This permits
an existing model to be used inarange of
applications.

Limitations:

« Linear programming models normally do
not estimate costs beyond asingle sector
andare thus unable to estimate indirect or
distributional costs.
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Table 8.3 - Input-Output Table for the United States, 1999 (bil. $)

Chapter 8 Analyzing Costs

i Total
1 2 3 . Intermediate Final Total
Agriculture Menufecturing Services  Outputs Demend  Outputs
1 Agriculture 70 150 30 250 30 280
2 Manufacturing 50 1,930 80 2,820 2470 5,290
3 Sarvices 60 1,070 2810 3,940 6,780 10,720
Total Intermediate inputs 180 3,150 3,680 7,010 9,280 16,290
Value Added 100 2,140 7040 9,280
Total Inputs 280 5,290 10,720 16,290

Source; Adapted from Bureau of Economic Analysis (BEA) 10-sctor table.

* A linear programming model designed for
estimating sectoral compliance costs will
likely be quite complex and have heavy input
requirements. If an existing model is not
available, the timeand effort to construct one
may be prohibitive,

« Linear programming models minimize
agoregate control costs for theentire industry
simultaneously, wheress the regulated entities
actually doso individuatly. Thismay result in
an underestimation of total compliance cosk.

8.4.4 Input-Output Models

While input-output models have been used in
many environmental applications, their primary
ue ina regulatory context is for estimating the
distributional and short-term transitional impacts
that may result from the implementation ofa
policy. For example, an input-output model

could be used to estimate the regional economic
effects of a regulation that would ban a particular
pesticide. In this case, an input-output model
could provideestimates of the effects on output
and employment in theaffected region. A key
feature of input-output models is their ability to
capture both theeffects on sectors directly affected
by a regulation and the indirect effects that oocur
through spillovers onto other sectors®

An input-output model is based onan input-
output table. The input-output tableassembles
data in a tabular format that describes the

32 Miller and Blair (1985) is a standard reference on input-output
arelysis.
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interrelated flows of goodsand factors of
production over the course of a year. An input-
output table may consist of hundreds of sectors

or may be aggregated into as few as two or three
sectors. Table 8.3 isanexample of ahighly
aggregated input-output table for the United
States for the year 1999. The columns for the
individual sectors denote how much of eech
commodity is used in the production of that
sector’s output. These intermediate inputsare
combined with factors of production — labor,
capital, and land — whose payments as wages,
profits, and rents, compose sectoral value added.
For the agricultural sector, total inputs consist of
$70billion of agricultural inputs, $50 billion of
manufactured inputs, $60 billion of service inputs,
and $100 billion of valueadded, for a total of $280
billion in inputs. The row for each sector shows
how that sector’s output is consumed. In the cese
of theagricultural sector, $250 billion is consumed
as intermediate inputs, while the remainder, $30
billion, is consumed as final demand, which is
composed of household consumption, government
purchesss, and investment.

An input-output table can be turned intoasimple
linear model through aseries of matrix operations.
The model relates changes in final demand to
changes in the total amount of goodsand services,
including intermediate inputs, required to meet
that demand. Themodel can also relate thechange
in final demand to changes in employment of
factors of production, such as the demand for
labor. In the case of the banned pesticide, ifa
separate analysis determines that there will bea
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declinein the output of cotton, the input-output
model could be used to determine theeffect on
those sectors that supply inputs to the cotton
sector, as well as on industries that are users of
cotton, such as the producers of textilesand
clothing. Declines in the output of these industries
will have further effects on the demand for other
intermediate inputs, likeelectricity, which arealso
estimated by the model.

Input-output modelsare relatively simple to use
and interpret and are often the most accessible
tool for analyzing the short-term impects of

a regulation on regional output and income®
However, they embody a number of assumptions
that make them inappropriate for long-term
analysis or theanalysis of social cost. Although
their specifications can sometimes be partially
relaxed, input-output models embody the
assumptions of fixed pricesand technology, which
do not allow for the substitution that normally
oocurs when goods become more or less scarce.
Similarly, input-output models are demand driven
and not constrained by limits on supply, which
would normally be transmitted through increeses
in prices. While therigidities in the models may
be reesoneble assumptions in theshort run or

for regional analysis, they limit theapplicability
of input-output models for long-run or national
issues. Because input-output models do not
include flexible supply-demand relationships or
theability to estimate changes in producer and
consumer surpluses, they are not appropriate for
estimatingsocial cost.

Advantages:

« Particularly inaregional context, input-
output models are often well suited for
estimating distributional and short-term
transitional impects.

« Input-cutput models are relatively transparent
andessy to interpret.

33 Anoff-the-shelf input-output mode! ofien used in the anelysis of the
impects of environmental regulation is Impect Aralysis for Planning
(IMPLAN). IMPLAN is besed on deta for the United States thet covers
more than 500 sectors and can be disaggregated down to the county level.

« Some input-output models have a great deel
of sectoral and regional disaggregation and
can be readily applied to issues that requirea
high degres of resolution.

Limitations:
* Input-output models are not appropriate for
estimating social cost.

» Becauge of their lack of endogenous

aubstitution possibilities in production, input-

output models are not eppropriate for dealing
with long-run issues.

+ Because of their fixed pricesand lack of
realistic behavioral reactions by producersand
consumers, input-output modelsare not well
suited for dealing with issues that are likely to
have largeeffects on prices.

8.4.5 Input-Output

Econometric Models

Input-output econometric modelsare economy-
wide models that integrate the structural detail
of conventional input-output models with

the forecasting properties of econometrically
estimated macroeconomic models. Input-output
econometric models are often constructed witha
considerable amount of regional detail, including
the disaggregation of regional economies at the
stateand county level. At EPA, input-output
econometric models, like conventional input-
output models, are often used to examine the
regional impacts of policiesand regulations.
However, unlike conventional input-output
models, input-output econometric modelsarealso
able toestimate long-run impects.

When used for policy simulations, amajor
limitation of conventional input-output models
is that the policy under consideration must

be translated into changes in final demand.
Furthermore, because they do not include
resource constraints, the resulting solution

may not be consistent with theactual supply-
demand conditions in theeconomy. Input-output
econometric models, in contrast, aredriven

by econometrical ly estimated macroeconomic
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relationships that more accurately account for
these conditions. However, unlikestandard
mecro-econometric models, input-output
econometric models integrate input-output data
and structure into the specification of production.
Thisallows them toestimatechanges in the
demand for and the production of intermediate
goods. The macroeconomic component enables
the models to be used for long-run forecasting,
includingaccounting for business cyclesand
involuntary unemployment. This makes input-
output econometric models particularly useful
for estimating transitional costsarising from the
implementation of a regulation.

An example of an input-output econometric
model that has been used for policy analysisat
EPA is the Regional Economic Models, Inc.
(REMI) Policy Insight. Thestandard REMI

model includes 70 production sectorsand 25

final demand sectorsand can provide output on
changes in incomeand consumption for more than
800 separate demographicgroups. The model is
both national in scope and can bespecially tailored
to individual regions. The REM| model has been
applied to a wide range of regional environmental
policy issues, including extensive analysis of air
quality regulation in thegreater Los Angelesarea.

Advantages:
« Input-output econometric modelscan be
used to estimate both long-and short-run
transitional costs.

« Input-output econometric models can be used
toestimate distributional costs

Limitations:

+ Because input-output econometric models
combineelements of both macro and micro
theory, it may not beessy to disentangle the
mechanisms actually driving model results.

« Compared to standard input-output models
input-output econormetric models may not
heve thesactoral resolution necessary to
analyze the impact of a policy expected to
heve limited impacts.
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8.4.6 Computable General
Equilibrium Models

CGE models have been used ina number of
applications in theanalysis of environmental
regulation. Examples includeestimation of the
costs of the Clean Air Act (CAA), the impects
of domesticand international policies for GHG
abatement, and the potential for market-based
mechanisms to reduce the costs of regulation.

CGE modelssimulate the workings of the price
system in a market economy. Marketsexist for
commoditiesand can also bespecified for the
factors of production: labor, capital, and land. In
each market, a price adjusts to equilibratesupply
and demand. A CGE model may contain several
hundred sectors or only a few, and may include
asingle “representative” consumer or multiple
household types. It may focus on asingleeconomy
withasimple representation of foreign trade, or
contain multiple countriesand regions linked
through an elaborate specification of global trade
and investment. The behavioral equations that
gowvern the model allow producers to substitute
among inputsand consumers tosubstituteamong
final goods as the prices of commoditiesand
factorsshift. The behavioral parameters can be
econometrically estimated, calibrated, or drawn
from the literature. In some models, egents may
be able to make intertemporal trade-offs in their
consumption and investment choices.

Simulating the effects of a policy change involves
“shocking” the model, by, for example, introducing
a regulation, such as a tax on emissions. Prices

in affected markets will then mowve up or down
until anew equilibrium isestablished. Prices

and quantities in this new equilibrium can be
compared to those in the initial equilibrium.

A static CGE model will be able to describe
changes in economic welfare messures due toa
reallocation of resources across economic sectors
followinga policy shock. Ina policy simulation
usingadynamic CGE model, a time path of

new pricesand quantities isgenerated. This

time path can be compared to a baseline path of
pricesand quantities that isestimated by running
the model without the policy shock. Assome
policies can beexpected to have impactsovera
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longer time horizon, dynamic modelsare used to
capture, inaddition tostatic impeacts, the welfare
consequencss of reallocating resources over time,
such as the impact that changes in savings may
have on capital accumulation. Forward-looking
models can also capture the effects that future
policies may have on current decisions.

An example of the use of a CGE model at EPA
is the retrospective BCA of the CAA, which
used adynamic CGE model to compute the
costs of CAA complianae over the period

1970 to 1990 (U.S. EPA 1997a). Estimates of
pollution abatement expenditures for the U.S.
manufacturingsector were first calculated using
Pollution Abatement Costsand Expenditures
(PACE ) survey data (se Text Box 8.2). Asthe
analysis wes retrospective, the relevant policy

simulations involved removing the long-term
capital and operating costs from the industries that
incurred them. The retrospective BCA compered
thesimulated path of the economy without these
abatement expendituresand theactual path of the
economy, which included them. EPA computed
changes in both long-run GDP and equivalent
variation, as well as impacts on investment,
household consumption, and sectoral prices,
output, and employment.

CGE models have also been used extensively in
estimating the costs of GHG mitigation. Here,
the analyses have been prospective, such asefforts
to estimate the costs of complying with the Kyoto
Protocol and more recently, proposed climate
change legislation. Some studies have focused

on the control of CO, emissions by introducing
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carbon taxes or emissions trading. Other studies
have expanded the analysis by examining

other GHGsand incorporating the effects of
changes in land use patterns and carbon sinks.

Of particular concern has been the problem

of “leekage,” in which afall inemissions in
participating countries is offset by an incresse in
emissions in non-participating countries, induced
by the fall in demand, and thus the world price,
of energy inputs.

CGE models can be useful tools for examining
the medium- to long-term impacts of policies
that are expected to have relatively large,
economy-wide effects. A growing use of

these models has been to quantify previously
unrecognized welfare costs that can occur when
environmental policies interact with pre-existing
distortions in theeconomy. An expanding
body of work has begun to include non-market
goods into CGE models (Smith et al. 2004, and
Carbone and Smith 2008).

Given the large number of parametersina

typical CGE model, analystsshould take great
care in ensuring theaacuracy of amodel’s data

and specifications. Sensitivity analysis should be
performed on critical parameters. Onestrategy,
currently used in EPA’'sanalysss of climate
legislation, is to use two CGE models concurrently
toanalyze the same policy scenarics.

Advantages:
« CGE modelsare best suited for estimating the
mat of policies that will have large economy-
de impects, especially when indirect
amd interaction effects areexpected to be
significant.

» CGE modkls are generally most appropriate
for analyzing the medium- or long-term
effects of policies or regulations

« With theappropriatespecifications
incorporated, CGE models can be used 1o
estimate the distributional impeacts of policy
shocks on housshold groups or industrial
sectors.

Chapter 8 Analyzing Costs

Limitations:
» Because of their equilibrium assumptions,
CGE models are generally not appropriate
for analyzing short-run transitioral costs

However, when appropriatespecifications are
included inamodel, they may be used in this

type of analysis.
» CGE models aregenerally not well suited

for estimating theeffects of policies that
will affect only small sectors or will impect

alimited geographicarea. Although the

costs have been reduced in recent yeers, the

effort and data required to corstruct a new

CGE model or reviee an existing one may be

prohibitive for some analyees.
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